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1.1 Hazards, disasters and climate change 
As witnessed worldwide, hydro-meteorological hazards—such as cyclones, 
floods, heatwaves and various forms of droughts—have caused major negative 
socio-economic impacts and consequences throughout history. This situation 
has been worsening due to a trajectory of socio-economic development and 
politics, such as population and wealth increases along coasts and lack of 
investment in reduction and preparedness measures (Barthel and Neumayer, 
2012; Klotzbach et al., 2018; Neumayer and Barthel, 2011; Neumayer et al., 
2014; Pielke, 2019; The World Bank and the United Nations, 2010), and 
individual and collective decision-making (Adger et al., 2005; Neumayer et al., 
2014) which ignore the risks posed by hydro-meteorological hazards. Climate 
change is further challenging the situation, emphasising the urgent need to 
develop and implement governance structures, policies (Amundsen et al., 
2010; Bauer et al., 2012; Burton et al., 2002; Corfee-Morlot et al., 2011; 
Djalante et al., 2013; Urwin and Jordan, 2008) and measures (Carter et al., 
1994; Hallegatte, 2009; Smit et al., 2000) that aim at tackling the root causes 
of disasters and reducing the risk of weather events and climate change 
(Alexander and Davis, 2012; Eriksen and O’Brien, 2007; Pielke, 2005; Wisner 
et al., 2003). 
Natural hydro-meteorological hazards or weather and climate extremes1, pose 
risks to various assets: ecosystems, the lives and livelihoods of people, 
communities, infrastructure, cultural heritage, the economy and societies in 
general (IPCC, 2012). Depending on the scale of the hazard, and particularly 
the underlying factors, the hazard may escalate to a disaster; “Severe 
alterations in the normal functioning of a community or a society due to 
hazardous physical events interacting with vulnerable social conditions, 
leading to widespread adverse human, material, economic, or environmental 
effects that require immediate emergency response to satisfy critical human 
needs and that may require external support for recovery” (IPCC, 2014a;. 
p.1763). Hazards turn into disasters through complex interactions between 
underlying socio-economic, political and cultural factors, which largely 
contribute to the creation of risk caused by extreme events (Alexander and 
Davis, 2012; Wisner, 2016; Wisner et al., 2003).  
Meanwhile, due to various anthropogenic processes (Edenhofer et al., 2014), 
greenhouse gas (GHG), such as carbon dioxide (CO2) and methane (CH4), 
concentrations in the atmosphere have substantially increased. For instance, 
the CO2 concentration has increased from an estimated 285 ppm (parts per 
 
1 also called extreme, severe, rare or high-impact weather or flood events (Stephenson, 2008), climate 
extremes, weather and climate variability (IPCC; 2012) 
2 
million2) in 18503 to 413 ppm in April 20204. This is changing the global 
energy balance and the flow of energy through the climate system; altering the 
circulation patterns of the atmosphere, modifying the hydrological cycle, 
rising global sea level and also leading to changing weather and climate 
extremes5 (Stocker et al., 2013). Furthermore, other anthropogenic factors, 
such as urbanisation (Peng et al., 2012), land use change (e.g. vegetation 
change) (Cornelissen et al., 2013; Pielke Sr et al., 2011; Pielke Sr, 2005; 
Swingland. et al., 2002), black carbon (Bond et al., 2013) and aerosol 
emissions (Rosenfeld et al., 2008) are changing climatological and 
hydrological patterns at regional and local scales. Amplifiers, creating positive 
feedback loops, occur naturally in earth systems and may further speed up the 
consequences of anthropogenic or natural triggers (Alley et al., 2003; 
Kutzbach et al., 1996). Evidence shows that climate change can already be 
attributed to the changing probability of individual hydro-meteorological 
events (Stott et al., 2015; Trenberth et al., 2015; Otto et al., 2018), but the 
evidence is more unclear whether climate change has contributed to the 
increasing socio-economic impacts and consequences of climate-related 
hazards (Barthel and Neumayer, 2012; Changnon et al., 2000; Gleditsch, 
2012; IPCC, 2014b, ch. 18; Klotzbach et al., 2018; Neumayer and Barthel, 2011; 
Pielke Jr, 2019; Sander et al., 2013;). 
The atmosphere is a global common pool resource (Dietz et al., 2003; Hanley 
et al., 1997; Nordhaus, 1982; Ostrom et al., 1999). Most importantly, it 
possesses the property of non-excludability: consumption of the atmosphere 
as GHG storage by one does not exclude others from consuming it. As 
witnessed with many other common pool resources, the atmosphere is subject 
to the ‘tragedy of the commons’ (Hardin, 1968; Milinski et al., 2002), i.e., 
overuse as witnessed by ongoing, anthropogenic climate change. Therefore, as 
opposed to pure public goods which share both the properties of non-
excludability and non-rivalry (Samuelson, 1954), climate policy with specific 
GHG reduction targets has turned the atmosphere into a rivalrous good. 
Thereby, GHG emissions emitted to the atmosphere by an individual, a 
household, a factory, a firm, a farm, or at the aggregate level of a country 
exhaust the possibilities of other economic agents to emit without increasing 
the levels of the atmospheric GHG composition; thus, changing the current 
balance of the climate system at a pace that humans and ecosystems may not 
be able to adapt to (Kates et al., 2012; Ramanathan and Feng, 2008; 
Schellnhuber, 2008; Weitzman, 2011). 
To a large extent, global climate change caused by the accumulation of GHGs 
in the atmosphere is a negative externality. It is predicted to create various, 
potentially very negative consequences on ecosystems and economic agents 
 
2 dry mole fraction defined as the number of molecules of carbon dioxide divided by the number of 
molecules of dry air multiplied by one million 
3 https://data.giss.nasa.gov/modelforce/ghgases/Fig1A.ext.txt [Accessed 17 May 2020] 
4 https://climate.nasa.gov/vital-signs/carbon-dioxide/ [Accessed 17 May 2020] 
5 due to the decreasing amount of thermal radiation from land and oceans radiated back to space  
3 
(IPCC, 2014b, ch.18). As with any externality (Pigou, 1928), the agents causing 
climate change, and particularly the negative consequences of climate change, 
are often not the same agents who bear the consequences (Stern et al., 2006). 
As noted by Tol (2009, p. 29), “climate change is the mother of all 
externalities”; it is a complex, highly uncertain and potentially a large societal 
challenge in which efforts to solve are complicated by various political and 
technological challenges (e.g. Knutti et al., 2016; Pindyck, 2013; Weitzman, 
2011, 2009).  
Major global political efforts have been taken to reduce the risks posed by 
disasters and climate change. The 2005 Hyogo Framework for Action 
(UNISDR, 2005) and the more recent Sendai Framework for Disaster Risk 
Reduction (UNISDR, 2015a), adopted in 2015, lay the foundation for global 
efforts in multi-hazard disaster risk reduction (DRR) and disaster risk 
management (DRM). The Paris Agreement approved in COP623, in 2015, and 
its ratification by 185 countries (Parties to the United Nations Framework 
Convention on Climate Change in 1992) is the most recent sign of global 
political will to tackle the challenge of climate change.  
Climate change mitigation, i.e. the reduction of GHG emissions from energy, 
land use and other sources (Edenhofer et al., 2014), is currently attracting 
most of the academic and, in particular, political attention. However, in 
practice, various challenges, such as the lack of political ambition (Rogelj et 
al., 2016), lack of cooperation and coordination in global climate policy 
(Harris, 2007; Keohane and Victor, 2016; Nordhaus, 2015; Weitzman, 2015), 
lack of technologies to reach a required level of GHG emissions (Arvesen et al., 
2011; Fuss et al., 2016), individual preferences and behaviour7 have 
maintained an increasing rate of GHG emissions. Therefore, despite the stated 
political will to halt the increase of GHG emissions since the first climate 
negotiations (COP1) in 1995, they have been steadily increasing8. This has 
emphasised the urgency and challenges related to policies and measures that 
aim at reducing the socio-economic impacts of hydro-meteorological events, 
i.e climate change adaptation (CCA) (Adger et al., 2005; Hallegatte, 2009; 
Pielke Jr et al., 2007; Smit et al., 2000; Tol, 2005). On the one hand, climate 
change mitigation and CCA are efforts to tackle the impacts of climate change: 
mitigation reduces our need for CCA, and vice versa (Kane and Shogren, 2000; 
Tol, 2005). Academic research has developed models that account for the 
complementarity of mitigation and CCA for effective management of climate 
change risk, resulting in an economically optimal mix of mitigation and CCA 
(see Kane and Shogren, 2000). 
On the other hand, to prevent, reduce and prepare for disaster risk and to 
respond to and recover from disasters associated with natural hazards and 
 
6 Conference of the Parties 
7 https://www.iea.org/newsroom/news/2019/october/growing-preference-for-suvs-challenges-
emissions-reductions-in-passenger-car-mark.html [Accessed 17 May 2020] 
8 https://climate.nasa.gov/vital-signs/carbon-dioxide/ [Accessed 17 May 2020] 
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climate change, there are two, often separately addressed fields of research, 
policy and practice: DRM and CCA (IPCC, 2012, 2014a). DRM and CCA in 
human systems share the objective of reducing the impacts of weather and 
climate extremes through focusing on the exposure and vulnerability of people 
and assets at risk and improving disaster response and recovery. This is done 
by developing improved and integrated policies and strategies, implementing 
measures through investing in technological development and innovations, 
and encouraging the adoption of behavioural change at an individual level 
(Gero et al., 2011; IPCC, 2012; Mendelsohn, 2012, 2000; Pielke Jr et al., 2007; 
Tol, 2005) (see Section 2.1 for definitions for DRM and CCA). The benefit of 
CCA in terms of DRM is that it brings a long-term perspective to the traditional 
DRM approach (Ireland, 2010; Kelman et al., 2015; Mercer, 2010; Rivera & 
Wamsler, 2014; Schipper 2011; Venton & La Trobe 2008).  
Despite the potential to increase the efficiency and effectiveness of DRM and 
CCA through their integration in research, governance and practice (Venton & 
La Trobe 2008), integration is still in its infancy (Ireland, 2010; Kelman et al., 
2015; Mercer, 2010; Rivera & Wamsler, 2014). Challenges behind the lack of 
integration have been identified (Gero et al., 2011; Mercer, 2010; Rivera & 
Wamsler, 2014;), but no precise definition for the relationship between DRM 
and CCA and their joint integration, or mainstreaming, in other policy fields 
exist within the integration literature. Furthermore, empirical accounts of 
DRM and CCA integration are still scarce. Vulnerability reduction is at the core 
of DRM and CCA, but its realisation is often challenged by low quality 
governance (UNISDR, 2015b) which is interlinked with other socio-cultural 
factors (Alexander & Davis, 2012). The majority of the literature on 
governance challenges has focused on economically less developed countries, 
with less analysis on effective governance in wealthier countries. The literature 
also lacks analysis on the complexity of DRM and CCA governance owing to 
multiple, competing decision-making criteria: effective implementation of 
DRM and CCA governance and implementation does not necessarily imply 
cost-efficiency, resulting in potential over-adaptation to disasters and climate 
change (Hanemann, 2000). Furthermore, governance and improved DRM 
and CCA measures do not lessen the importance of the role of decision-making 
down to the level of the individual in reducing the impacts of natural hazards, 
disasters and climate change (Adger et al., 2005). 
The academic literature has discussed the complexities of DRM for a long time 
(e.g. White, 1945) and more recently CCA (Adger et al., 2005; 2009; IPCC, 
2014b ch.16). In this thesis, I identify and address challenges related to DRM 
and CCA policies, governance, measures, and their implementation, 
specifically related to i) DRM and CCA policy integration, ii) the governance of 
vulnerability reduction and iii) cost-efficiency and effectiveness of DRM and 
CCA measures.  
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1.2 Research Question and Objectives  
This thesis investigates the following question: what are the means to 
overcome the salient challenges in DRM and CCA policies and measures that 
are designed to reduce the risks posed by extreme weather under uncertainty? 
This question is examined from multiple angles leading to the following 
research objectives: 
 To identify and analyse the challenges related to DRM and CCA 
integration, and their further integration into sectoral policies, to 
ensure efficient and effective reduction of extreme weather events and 
climate change impacts;  
 To explore how governance, other socio-cultural structures, policies 
and their implementation can effectively reduce disaster risk and 
climate change by using the Nordic welfare state as an example of a 
success story in DRM and CCA; 
 To analyse the efficiency, effectiveness and social acceptability of DRM 
and CCA measures under future uncertainty.  
The thesis contributes to the literature in the following ways. Conceptually, it 
provides a definition for DRR and CCA integration and their integration to 
sectorial policies, and an economic definition for over-adaptation to climate 
change. Empirically, it contributes to i) the scarce literature on the challenges 
of policy-level DRM and CCA integration and their integration into sectoral 
policies, ii) the literature on how DRM and CCA approaches are implemented 
in Finland and whether current vulnerability and exposure assessments 
neglect some risks or hinder the seizing of opportunities brought by climate 
change; and iii) the empirical economic literature on DRM and CCA measures 
under uncertainty. 
1.3 Approach 
The research question and objectives are addressed in four articles which 
analyse DRM and CCA governance and measures from economic and policy 
perspectives, yet cover different empirical foci, methods, data and 
geographical scopes. Table 1 shows the data and methods used in the articles 
and how risk and uncertainty are addressed for DRM and CCA.  
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Table 1. Data, methods and approaches to risk, uncertainty, DRM and CCA  
PAPER DATA METHODS RISK AND 
UNCERTAINTY 







Risk from natural hazards 
and climate change;  
uncertainty due to climate 
change  
Policy integration for 
effective and efficient 






Risk from natural hazards 
and climate change; 
uncertainty not formally 
analysed 








Storm risk on electricity 
network; uncertainty in 
parameter values due to 
future uncertainty 
Cost efficiency of an 













Risk of changing weather 
conditions;  
uncertainty of climate 
change impacts  
Economic benefits of a 
CCA measure 
 
Article I addresses the level of DRM and CCA policy integration as a means for 
the effective and efficient management of weather and climate change related 
risks in Zambia. It focuses on DRM and CCA capacities; the status of DRM and 
CCA policy integration and the level of budget allocation for DRM and CCA. 
Uncertainty is not explicitly analysed, but the article is framed to address the 
increasing uncertainty of natural hazards due to climate change. The situation 
regarding the level of integration is analysed at horizontal (inter-ministerial) 
and vertical (intra-ministerial) dimensions, leading to an assessment of the 
challenges regarding effective integration. Article II discusses the contribution 
of the underlying risk drivers of governance, societal and political factors, 
culture, policies and their implementation to DRM and CCA. The article 
describes the Finnish model, the role of governance and society for DRM and 
CCA and assesses how the model, or more broadly the Nordic Welfare state 
model, can effectively reduce vulnerability to natural hazards. Article III 
furthers the analysis of the Finnish approach to DRM and CCA through a social 
in medias res/ex-post cost benefit analysis on the Finnish Electricity Market 
Act 2013 (Sähkömarkkinalaki 588/2013, 2013), which defines strict 
limitations to, mostly, storm and snow induced power outages and has 
therefore contributed to major investments in weather-proofing the electricity 
distribution network, partly aiming at effective reduction of weather-induced 
impacts. Furthermore, Article III describes the public response to the Act. Risk 
and uncertainty are key concepts of Article IV as uncertain changing climate 
will pose new risks to the road transport sector. Due to the uncertainty, robust 
methods are needed to reduce the risk in the changing conditions. Uncertainty 
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is addressed through sensitivity analysis. Article IV has been framed from CCA 
perspective, but improved weather services will reduce the risk of weather also 
in the current climate, thereby contributing also to the improved reduction of 
extreme weather event impacts in the current climate. 
The articles apply both qualitative and quantitative methods to analyse the 
research question, elaborated in section 3. Mixed methods research is an 
approach which uses both quantitative and qualitative approaches to seek 
answers to the research question of interest (Johnson and Onwuegbuzie, 
2004) (See section 3.1 for more detail). Qualitative methods are used because 
of the need to understand how policies are situated and embedded in their 
implementation context, to identify how contextual factors influence policy 
processes (Sadovnik, 2007) and to efficiently obtain explicit and tacit 
knowledge from experts. Quantitative policy analysis with economic methods 
is used because of the need to address efficiency, cost-effectiveness and the 
economic benefits of DRM and CCA measures at public and individual 
decision-making levels (Konrad and Thum, 2014). 
Articles I and II are examples of studies using purely qualitative data and 
analysed with qualitative methods, described in more detail in section 3.2. In 
Article I, the data consists of interviews and policy documents used to analyse 
the integration of DRM and CCA policies in Zambia. In Article II data was 
collected through an online survey, semi-structured interviews and workshops 
in two research projects which was used to analyse weather and climate related 
risks in Finland. Both articles analyse the data qualitatively; Article I uses a 
systematic qualitative method described in section 3.2, whereas Article II uses 
an explorative method (Baxter and Jack, 2008; Stebbins, 2001) and aims to 
contribute to the literature by constructing a fresh viewpoint and discussing 
its implications. Article III uses quantitative data and analyses it with 
quantitative methods, described in more detail in section 3.3. Article IV 
combines qualitative and quantitative approaches. Qualitative interviews and 
document data has been converted into a quantitative assessment on the 
potential economic benefits of innovations in weather service provision in the 
road transport sector.  
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2 THEORETICAL BACKGROUND ON DISASTER 
AND CLIMATE RISK MANAGEMENT UNDER 
UNCERTAINTY 
2.1 Disaster Risk Management and Climate Change Adaptation -
Policies and Implementation 
Disaster Risk Management (DRM) related to hydro-meteorological events and 
Climate Change Adaptation (CCA) aim at i) reducing people’s and societies’ 
vulnerabilities and exposure to the impacts of natural hazards and ii) 
increasing their capacity to reduce the risk and prepare for, respond to and 
recover from disasters. Broadly speaking, both fields share the objective of 
reducing the human impacts of weather and climate extremes by addressing 
exposure, underlying vulnerability and enhancing the resilience of affected 
people and assets (Schipper 2009; Rivera & Wamsler, 2014; Gero et al., 2011, 
IPCC, 2012; Kelman et al., 2015). Policies, strategies and measures to decrease 
exposure and vulnerability and increase capacity are at the core of DRM and 
CCA (IPCC, 2012). Typically, DRM and CCA are addressed, studied and 
analysed separately (Ireland, 2010; Kelman et al., 2015; O’Brien et al., 2006), 
despite their multiple overlaps and synergies (Mercer, 2010; O’Brien et al., 
2006; Solecki et al., 2011).  
In the field of disaster and CCA studies, four key terms are relevant: Disaster 
Risk Reduction (DRR), Disaster Management (DM), DRM and CCA. The 
definitions of these terms by the two key United Nations organisations, the 
Intergovernmental Panel on Climate Change (the IPCC) and the United 
Nations Office for Disaster Risk Reduction9 (UNDRR), are given in Table 2. 
The definitions are ambiguous, differing and overlapping on two levels: the 
scope and object. As per the scope, both the IPCC (2014a) and UNDRR agree 
on DRR being defined in terms of a policy objective but differ as the IPCC 
includes strategic and instrumental measures (the object) in DRR. As per the 
scope, the main difference is in the definition for DRM, as the UNDRR 10 
defines DRM’s scope to be the same as DRR’s scope: to “prevent new disaster 
risk, reduce existing disaster risk and manage residual risk”, whereas the IPCC 
(2014) defines DRM to “improve the understanding of disaster risk, foster 
disaster risk reduction and transfer, and promote continuous improvement in 
disaster preparedness, response, and recovery practices”.   
 
9 Formerly the UNISDR; the dedicated UN secretariat to facilitate the implementation of the 
International Strategy for Disaster Reduction (ISRD) 
10 https://www.undrr.org/terminology [Accessed 17 May 2020] 
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Table 2 The IPCC (2014a) and UNDRR glossary definitions for key 
terms  
IPCC 2014 Glossary (IPCC, 
2014a) 





“Denotes both a policy goal or 
objective, and the strategic and 
instrumental measures employed for 
anticipating future disaster risk; 
reducing existing exposure, hazard, or 
vulnerability; and improving 
resilience.” 
“[…] is aimed at preventing new and 
reducing existing disaster risk and 
managing residual risk, all of which 
contribute to strengthening resilience and 
therefore to the achievement of 
sustainable development.” 
 
“[…] is the policy objective of disaster risk 
management, and its goals and objectives 
are defined in disaster risk reduction 




“Social processes for designing, 
implementing, and evaluating 
strategies, policies, and measures 
that promote and improve disaster 
preparedness, response, and recovery 
practices at different 
organizational and societal levels.” 
“The organization, planning and 
application of measures preparing for, 
responding to and recovering from 
disasters.” 
 
“[…] may not completely avert or 
eliminate the threats; it focuses on 
creating and implementing preparedness 
and other plans to decrease the impact of 
disasters and “build back better”. Failure 
to create and apply a plan could lead to 




“Processes for designing, 
implementing, and evaluating 
strategies, policies, and measures to 
improve the understanding of disaster 
risk, foster disaster risk reduction 
and transfer, and promote continuous 
improvement in disaster preparedness, 
response, and recovery practices, with 
the explicit purpose of increasing 
human security, well-being, quality of 
life, and sustainable development.” 
“[…] is the application of disaster risk 
reduction policies and strategies to prevent 
new disaster risk, reduce existing disaster 
risk and manage residual risk, 
contributing to the strengthening of 
resilience and reduction of disaster losses.” 
 
“[…] actions can be distinguished between 
prospective disaster risk management, 
corrective disaster risk management and 
compensatory disaster risk management, 





“The process of adjustment to actual or 
expected climate and its effects. In 
human systems, adaptation seeks to 




This thesis follows the IPCC (2014a) definitions, because the three 
components of DRM, DRR, DM are clearly defined and the IPCC (2014a) also 
includes a definition for CCA. DRM is an umbrella term to encompass the 
entire spectrum from DRR to DM. DRR places focus on anticipating future 
disaster risk and reducing existing risks through a set of policies, objectives 
and measures developed and implemented before the disaster occurs by 
mitigating and reducing hazard, exposure and vulnerability. DM places focus 
on preparing, responding to and recovering from disasters in the phase when 
the threat of disaster becomes evident. However, the distinction is ambiguous 
as in some cases, DRR and DM overlap. For instance, the concept of ‘Build 
 
11 https://www.undrr.org/terminology [Accessed 17 May 2020] 
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Back Better’ aims at reducing the risk of future disasters (DRR according to 
IPCC, 2014a) during the post-disaster recovery phase (DM according to IPCC, 
2014a) (Mannakkara & Wilkinson 2015; Wisner 2017; Dube 2020). 
Noteworthy is that the IPCC (2014a) DRM definition is more explicit on how 
to reduce risk than the CCA definition, whereas CCA also includes the potential 
benefits gained from climate change. As implied in the IPCC’s DRM definition, 
it constitutes actions taken at various spatial scales from international 
agreements to decision-making at an individual level. Although not explicitly 
stated in the CCA definition, the same applies for CCA as well (e.g. Adger et al., 
2005).  
At the policy level, the importance of integrating, or mainstreaming CCA policy 
goals across all relevant policy domains and strategies has been highlighted by 
researchers (Bauer et al., 2012; Ogallo, 2010; Urwin and Jordan, 2008) and 
policy-makers, for instance, in the European Union (COM, 2013). The 
integration of DRM policy goals has not received similar attention in 
academia, although the role of social protection and other relevant 
vulnerability reduction policies has been shown to reduce vulnerability to 
various weather-induced impacts (Devereux, 2016). Policy integration has its 
roots in Environmental Policy Integration (Jordan and Lenschow, 2010; 
Mickwitz and Kivimaa, 2007; Nilsson and Persson, 2003; Nunan et al., 2012; 
Oberthür, 2009), where integration has been widely recognised as an 
important approach to promote environmental concerns in policy making. 
Climate Policy Integration (CPI) has traditionally referred to integrating 
climate change mitigation goals in relevant sectorial policies and strategies 
(Adelle and Russel, 2013; Dupont and Oberthür, 2012; Ishii and Langhelle, 
2011), but as noted, CCA integration, or mainstreaming, has also gained 
attention.  
Measures to reduce the impacts of disasters and climate change have been, for 
the most part, categorised from a CCA perspective. Various, partly overlapping 
typologies for CCA in human systems exist. For instance, Konrad and Thum 
(2014) provide a categorisation of CCA measures based on economic 
principles; Hallegatte (2009) bases his categorisation on economic rationale 
in the face of uncertainty regarding climate change. Carmin and Dodman 
(2013) categorise CCA measures into three types: i) structural/concrete, ii) 
institutional and iii) social. Furthermore, CCA can be either incremental, if the 
system is changed by merely extending the current practices, or 
transformational, if adaptation entails far reaching systemic changes (Kates et 
al., 2012; see O’Brien, 2012 for a thorough description on deliberate 
transformation ). Smit et al. (2000) propose a simple definition for CCA by 
assessing three questions: i) Adaptation to what, ii) Who or what adapts and 
iii) How does Adaptation occur. In principle, an extension of these three 
questions is useful for categorising the various typologies of CCA measures. 
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The majority of the typologies answer the question “which types of strategies 
or measures are available” (Biagini et al., 2014; Carmin and Dodman, 2013; 
Hallegatte, 2009; IPCC, 2012). The typology by Konrad and Thum (2014) is a 
hybrid; it categorises CCA measures based on the most common question 
“which types of strategies or measures are available” but also on “Who (or 
what) adapts and Who (or what) benefits” (also Mendelsohn, 2000; Smit et 
al., 2000 and empirically in Fidelman et al. (2013)) and “when does 
adaptation take place” (Fankhauser et al., 1999) (also Carter et al., 1994 and 
Smit et al., 2000). Lastly, incremental vs transformative typologies respond to 
“what is the degree of change required?” Although the academic articles 
providing typologies for CCA measures have all been framed from a CCA 
perspective, the measures used as examples are all also DRM measures, 
implying that they would also yield benefits in the current climate. Therefore, 
it is beneficial from efficiency and effectiveness perspectives to ensure that the 
policy measures used to reduce the current risks of extreme weather events 
fulfil the criteria of robustness in the face of deep uncertainty related to climate 
change and socio-economic factors (Hallegatte, 2009; Hallegatte et al., 2012; 
Kelman, 2017; Kelman et al., 2015; Mercer, 2010; Schipper, 2009). 
2.2 Risk and Uncertainty  
Risk and uncertainty are some of the defining factors of our existence: they 
shape our thinking, decision-making and behaviour. Risk and uncertainty 
have motivated academics to develop theories (e.g. Expected utility theorem 
(von Neumann and Morgenstern, 1944), Portfolio theory (Markowitz, 1952), 
Prospect theory (Kahneman and Tversky, 1979), Risk society (Beck, 1992) and 
the Black Swan theory (Taleb, 2007)) and industry to create an entire 
industrial sector: finance and particularly the insurance sectors. Disaster and 
climate change risk have inspired writers (e.g. Science in the Capital trilogy12 
by Kim Stanley Robinson) and film makers (e.g. The Day After Tomorrow by 
(Emmerich, 2004) and Geostorm (Najafi, 2017)). Inherently, risk and 
uncertainty are something that we constantly deal with and the way we deal 
with it depends on our preferences (Arrow, 1971; Pratt, 1964) and intuition 
(Kahneman & Tversky, 1979).  
2.2.1 Probabilistic Risk Analysis 
Depending on the research field, risk and uncertainty are often defined and 
treated in different ways. In neoclassical economics, the distinction between 
risk and uncertainty is vague, yet based on a strictly probabilistic treatment of 
uncertainty (Mas-Colell et al., 1995, ch.6). In principle, a risky situation is a 
decision situation which involves some, specified level of uncertainty. 
Expected utility theorem (von Neumann and Morgenstern, 1944) and 
subjective probability theory (Savage, 1954) are both based on the idea that 
modelling decisions involving an element of risk starts from the notion that in 
an uncertain environment the decision-maker holds two types of information: 
 
12 Forty Signs of Rain (2004); Fifty Degrees Below (2005); Sixty Days and Counting (2007) 
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i) all possible, uncertain outcomes of the decision made under uncertainty, and 
ii) a vector of probabilities for each possible outcome; where  are the 
probabilities of occurrence of  with . (Gollier, 2001, p. 4).  
Expected utility theorem assumes that the vector of probabilities for each 
possible outcome can be summarized by means of objective numerical 
probabilities by the decision-maker. If we let  be the set of all 
possible outcomes which involve some source of uncertainty and  where 
represents the uncertainty as the probability of outcome   occurring, a 
simple lottery is a list  with  for all  Simply put, the set 
of simple lotteries is given by the probability of each outcome multiplied by 
the outcomes in question. (Mas-Colell et al., 1995) The main purpose of 
expected utility theorem is to assess choice under uncertainty assuming 
certain decision-maker preferences over the uncertain outcomes. 
In subjective probability theory, the assumption on objectively known 
probabilities is relaxed to incorporate the fact that the reality is hardly ever 
based on objectively known probabilities. In subjective probability theory, 
individuals hold beliefs over the likelihood of various outcomes and through 
choices reveal these beliefs in a well-defined probabilistic manner. Thereby, 
subjective probability theory can be considered a “far-reaching generalisation 
of expected utility theory”. (Mas-Colell et al., 1995, p. 205).  
Risk is most commonly defined as the probability of an adverse event (e.g. a 
natural hazard) times its consequences:  
     [1] 
where  is a certain event;  is the expected outcome of the event; and in case 
of economic damage, V is the economic value of the outcome. (Renn, 1998; 
Rosa, 1998). Hydro-meteorological processes are often used as an example of 
risk and uncertainty in literature on decision-making under risk. Typically, 
historical hydro-meteorological events can be expressed in probabilities (e.g. 
return periods which express the likelihood of an event happening in a certain 
time period) (e.g. Kunkel et al., 1999b, 1999a) and are therefore a convenient 
expression of risk for decision-making science. For instance, a decision-maker 
may face an investment decision for a dam when they know that the yearly 
probability for wet and dry years is 0.3 and 0.7, respectively (Graham, 1981). 
These probabilities are usually derived from historical observations and, in the 
best case, can be considered relatively objective.  
This definition, however, does not explicitly address the underlying risk 
drivers: exposure, vulnerability and capacity, even though implicitly 
incorporated in pi and Ci (IPCC; 2012). Explicit treatment of the underlying 
risk drivers is crucial for the development of DRM and CCA policies and 
measures. As noted by Wisner et al. (2003, p. 4), disasters are “the product of 
social, political and economic environments because of the way these structure 
the lives of different groups of people”. This has led to the use of the following 
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extended frameworks of traditional probabilistic risk analysis in DRM and 
CCA fields.  
2.2.2 Extensions of the probabilistic risk analysis 
Two widely adopted, partly overlapping theoretical frameworks which are the 
most relevant for this thesis are the IPPC (2014) and UNDRR risk frameworks, 
the Pressure-and-Release Model (PAR) and, its extension, the Access model 
(Wisner et al., 2003). All these focus, to a varying degree, on the underlying 
risk drivers behind natural hazards and climate change. 
The IPCC (2014) framework, adopted by the IPPC in 2012 (IPCC; 2012), is 
used by the United Nations Global Risk Data Platform13—also widely in 
climate risk assessments (UNISDR, 2017)—and defines risk as being a 
function of hazard, exposure and vulnerability. The UNDRR14 also includes 
capacity. In the IPCC (2014) framework, hazard is a hydro-meteorological 
event or gradual climate change and is typically described by the (joint) 
statistical distribution of various climatological parameters (IPCC, 2012; Katz 
and Brown, 1992). Climate is defined as the “the statistical description in terms 
of the mean and variability of relevant quantities over a period of time ranging 
from months to thousands or millions of years” and as “the state, including a 
statistical description, of the climate system” (IPCC, 2014a, p. 1760). Climate 
describes the statistical properties of various surface weather parameters, over 
a certain period, usually 30 years (World Meteorological Organization, 2008). 
Climate change refers to changes in the statistical properties of the climate 
parameters, in the mean and/or in the variability of the statistical properties 
of the climate (IPCC, 2014a). There is no precise statistical definition for an 
extreme event, as a probabilistically extreme hydro-meteorological hazard 
may not cause extreme socio-economic impacts, and the definition of extreme 
depends on temporal and spatial scales (e.g. IPCC, 2012, p. 117; Stephenson, 
2008).  
The remaining components in the risk equation are constructions of socio-
economic, cultural, political and other anthropogenic processes. Table 3 shows 
the IPCC (2014a) and UNDRR definitions for the key risk components. 
Noteworthy is that the IPCC (2014a) definitions have changed since the 
Managing the Risks of Extreme Events and Disasters to advance Climate 
Change Adaptation report (IPCC, 2012), where the definitions were closer to 
the UNDRR definitions. 
  
 
13 https://preview.grid.unep.ch/ [Accessed 17 May 2020] 
14 https://www.undrr.org/terminology [Accessed 17 May 2020] 
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Table 3. The IPCC (2014a) and UNDRR definitions for Risk, Exposure, 
Vulnerability and Capacity  




“The potential for consequences 
where something of value is at 
stake and where the outcome is 
uncertain, recognizing the 
diversity of values. […] 
Risk results from the interaction 
of vulnerability, exposure, and 
hazard. In this report, the term 
risk is used primarily to refer to 
the risks of climate-change 
impacts.” 
“The potential loss of life, injury, or 
destroyed or damaged assets which could 
occur to a system, society or a community in 
a specific period of time, determined 
probabilistically as a function of hazard, 
exposure, vulnerability and capacity.” 
Exposure “The presence of people, 
livelihoods, species or 
ecosystems, environmental 
functions, services, and 
resources, infrastructure, or 
economic, social, or cultural 
assets in places and settings that 
could be adversely affected.” 
“The situation of people, infrastructure, 
housing, production capacities and other 
tangible human assets located in hazard-
prone areas.” 
Vulnerability “The propensity or predisposition 
to be adversely affected. 
Vulnerability encompasses a 
variety of concepts and elements 
including sensitivity or 
susceptibility to harm and lack of 
capacity to cope and adapt. “ 
“The conditions determined by physical, 
social, economic and environmental factors 
or processes which increase the 
susceptibility of an individual, a community, 
assets or systems to the impacts of hazards.” 
“Annotation: For positive factors which 
increase the ability of people to cope with 
hazards, see also the definitions of 
“Capacity” and “Coping capacity”” 
Capacity Adaptive 
capacity  









































society to manage 
and reduce 




“The ability of people, 
organizations and 
systems, using 
available skills and 
resources, to manage 
adverse conditions, risk 
or disasters. The 
capacity to cope 
requires continuing 
awareness, resources 
and good management, 
both in normal times as 
well as during disasters 
or adverse conditions. 
Coping capacities 
contribute to the 




In principle, the IPCC (2014a) and the UNDRR agree on the concept of 
exposure: it refers to people and assets being located in places, such as coastal 
areas, small islands or urban areas, where a hazard may occur. Vulnerability, 
however, is an ambiguous concept and the challenges related to defining and 
empirically assessing vulnerability have been discussed in detail in literature 
(Bogardi, 2006; Wisner, 2016). The IPCC (2014a) definition for vulnerability 
highlights this ambiguity, because it does not define, as opposed to the 
UNDRR (also in IPCC; 2012), any attributes/factors/conditions which 
contribute to people and societies being vulnerable to natural hazards and 
climate change (Wisner, 2016). Nevertheless, exposure is a necessary, yet not 
a sufficient, condition for disaster risk as it is possible to be exposed to a hazard 
but to have sufficient means to reduce vulnerability to a level where impacts 
are not experienced (IPCC, 2012).  
The main difference between the IPCC (2014a) and UNDRR definitions for 
risk is the capacity component. Indeed, it may be argued that capacity is just 
another side of the vulnerability coin and the inclusion does not provide any 
added value to the definition. However, as explained in Wisner et al (2003), 
the situation is more nuanced: vulnerable people and communities have 
capacities that are not captured if the focus is only on vulnerability. This also 
applies at larger scales; e.g. communities and countries. Therefore, capacity, 
as a separate analytical component, increases our understanding of the 
complex notion of risk.   
Various mathematical formulations for the definition of risk exist. Peduzzi et 
al. (2009) assume that risk follows a multiplicative formula as follows: 
R = Hfr x Pop x Vul     [2]  
where: R = number of expected human impacts [killed/year]. Hfr = frequency 
of a given hazard [event/year]. Pop = population living in a given exposed area 
[exposed population/event]. Vul = vulnerability depending on socio-politico-
economical context of this population [non-dimensional number between 0–
1]. The formula shows that if any of the factors Hfr, Pop, Vul = 0, then the risk 
is null. This formulation of the risk focuses solely on the risk of human 
casualties. A generalised form is given in e.g. Carrão et al. (2016):  
R = Hazard x Exposure x Vulnerability    [3]  
where all the three components are normalised to [0,1]. Noteworthy is that the 
mathematical notions in the literature neither include capacity a risk 
component, nor do they explicitly include the notion that the risk components 
are a function of time, t, and space, s. Therefore, a generalised representation 
of eq [1] is as follows:  
R = f(hazards,t,, exposures,t, vulnerabilitys,t, capacitys,t),   [4] 
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where R denotes risk.  
The second, the PAR model, widely used in the disaster field goes deeper in 
the societal processes and root causes which put people in vulnerable 
positions. It defines disaster risk as Risk = Hazard x Vulnerability; a definition 
used also by the IPCC before 2012. Vulnerability is decomposed to three parts: 
i) root causes, ii) dynamic pressures and iii) unsafe conditions. It includes the 
exposure and capacity factors from the IPCC (2012) framework as part of 
vulnerability. All the risk components are functions of time and space (Cutter 
and Finch, 2000; Wisner et al., 2003). and the PAR model, even though not 
mathematically defined as functions, analyses the different components 
implicitly as functions of time and space. The extension of the PAR, the Access 
model, provides a more detailed analysis of the economic, social and political 
processes that create vulnerability to hazards. The main addition to the IPCC 
(2014a) and the UNDRR vulnerability definition is the inclusion of political 
processes as an important vulnerability factor (See also Wisner, 2016). Hazard 
is defined similar to the IPCC framework in a probabilistic way (Wisner et al., 
2003).  
2.2.3 Uncertainty  
Various definitions for uncertainty exist. Relevant for this thesis is the 
distinction between two forms of uncertainty: measurable and unmeasurable. 
Measurable uncertainty can be expressed, one way or another, in a 
probabilistic form and was introduced in section 2.2.1. The idea being that 
uncertainty—and the subjective uncertainty regarding the uncertainty—can be 
measured is visible for instance in the latest IPCC uncertainty definition. It 
expresses uncertainty as something that can be quantitatively measured or 
qualitatively assessed:  
“A state of incomplete knowledge that can result from a lack of 
information or from disagreement about what is known or even 
knowable. It may have many types of sources, from imprecision in the 
data to ambiguously defined concepts or terminology, or uncertain 
projections of human behaviour. Uncertainty can therefore be 
represented by quantitative measures (e.g., a probability density 
function) or by qualitative statements (e.g., reflecting the judgment of a 
team of experts)” (IPCC; 2014a, p. 1774).  
However, the notion of uncertainty with objectively or subjectively known or 
estimated probability distributions and subjective confidence intervals, 
including clear definitions for complex socio-cultural and political factors and 
processes as defined by the IPCC, ignores the multitude of challenges related 
to disaster and climate change risk assessments.  
The distinction between measurable and unmeasurable uncertainty was first 
formally suggested by Knight (1921). He notes that  
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“…Uncertainty must be taken in a sense radically distinct from the 
familiar notion of Risk […]. The essential fact is that "risk" means in 
some cases a quantity susceptible of measurement, while at other times 
it is something distinctly not of this character; and there are far-
reaching and crucial differences in the bearings of the phenomenon 
depending on which of the two is really present and operating. There 
are other ambiguities in the term "risk" as well […]; but this is the most 
important. It will appear that a measurable uncertainty, or "risk" 
proper, as we shall use the term, is so far different from an 
unmeasurable one that it is not in effect an uncertainty at all.”  
In climate change literature, the unmeasurable uncertainty, so called 
Knightian uncertainty, is increasingly called deep uncertainty (Hallegatte et 
al., 2012; Lempert, 2014). 
Walker et al (2010, p. 918) describes a categorisation of four levels of 
uncertainty between the two extremes of determinism, where everything is 
precisely known and total ignorance where nothing is known about the future:  
“Level 1 uncertainty is any uncertainty that can be described adequately 
in statistical terms; Level 2 uncertainty implies that there are alternative, 
trend-based futures and/or different parameterizations of the system 
model, and some estimate can be made of the probability of each of them; 
Level 3 uncertainty represents deep uncertainty about the mechanisms 
and functional relationships being studied; Level 4 uncertainty implies 
the deepest level of recognized uncertainty; in this case, we only know 
that we do not know”;  
Levels 1 and 2 are measurable uncertainties, or risk, according to Knight 
(1921), and levels 3 and 4 constitute unmeasurable uncertainties. Level 4 
uncertainties are also called Black Swan events (Taleb, 2007). Level 3 
uncertainty, deep uncertainty, is defined as a situation when “analysts do not 
know, or the parties to a decision cannot agree on, (1) the appropriate models 
to describe the interactions among a system’s variables, (2) the probability 
distributions to represent uncertainty about key variables and parameters in 
the models, and/or (3) how to value the desirability of alternative outcomes” 
(Lempert et al., 2003, p. 3).  
In the disaster and climate change field the following uncertainties are 
relevant, for instance: i) the current probability distributions of (joint) hydro-
meteorological variables to adequately define the hazard probability 
(Highfield et al., 2013; Morss et al., 2005), ii) parameter values in the changing 
climate (Morss et al., 2005), iii) analysis of vulnerability and capacity (Wisner, 
2016); iv) climate model uncertainties (van Asselt and Rotmans, 2002); v) 
challenges related to the assessment of the socio-economic impacts of climate 
change (Thorarinsdottir et al., 2017), vi) evolving societal factors (Morss et al., 
2005; van Asselt and Rotmans, 2002); vii) scientific uncertainty due to 
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“complexity, stochasticity, or a fundamental lack of data or understanding” 
(Morss et al., 2005, p. 1596); and viii) the practical constraints in using 
uncertain information in policy and decision-making (Morss et al., 2005). 
Therefore, a probabilistic definition of risk and uncertainty does not capture 
true, unmeasurable uncertainty which is crucial when we discuss future 
climate change and adaptation to its impacts (Konrad and Thum, 2014).  
For instance, Thorarinsdottir et al. (2017) quantify uncertainty related to sea 
level rise and associated economic damage for CCA decision-making and 
conclude that not accounting for uncertainties in climate change impact 
studies may result in ‘bad scenarios’ that result in the situation being an order 
of magnitude worse than what the decision-maker might expect if uncertainty 
is not accounted for. The analysis is based on several assumptions and 
simplifications, and shows how difficult, and perhaps impossible, it is to 
provide a reliable assessment of the socio-economic impacts of climate change.  
2.3 Efficiency and Effectiveness 
Defining ‘successful’ DRM and CCA is not an easy task (Adger et al., 2005; 
Baker et al., 2012; de Bruin et al., 2009). Adger et al. (2005) argue that the 
four criteria of effectiveness, efficiency, equity and legitimacy of CCA are 
important in the analysis of success. They note that the criteria are contested, 
context-specific and based on competing values.  
Economists tend to emphasise efficiency and effectiveness as key criteria in 
public sector decision-making regarding DRM and CCA (Konrad and Thum, 
2014; Mendelsohn, 2000; The World Bank and the United Nations, 2010). 
Effectiveness of DRM and CCA measures implies that a certain outcome or 
objectives regarding the reduction of disaster and climate change impacts are 
achieved. More precisely, cost-effectiveness implies that the outcome or 
objectives are achieved in the least-cost way. Cost efficiency of CCA is broadly 
defined as CCA which maximizes net benefits.  
Formally, efficient CCA at the private and societal level has been defined in 
Mendelsohn (2012). Private CCA is a decision taken by an individual that only 
affects that individual; the costs and benefits of the decision only accrue to the 
individual. If we assume that strict assumptions on market access, private 
property rights, lack of externalities and good information hold, individuals 
choose efficient adaptation by default: If we assume that the preferences of an 
individual can be represented by utility   being a function of a vector of 
market goods  and an exogenous climate change component , the individual 
maximises utility subject to their budget   and price vector : 
The set of demand functions for the individual can be derived by assuming 
suitable separability assumptions (using Roy’s identity) for market goods 
The demand for goods is not dependant on climate change, whereas the 
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demand for goods the demand function will shift with changing climate, 
noted C. 
An individual may choose to purchase some capital good K, such as shelter, 
due to climate change. When buying capital goods, the individual aims at 
maximising utility over time. By assuming that a single capital good is bought 
in the first period, but it brings utility over time, the utility maximisation 
becomes  
∫ − ∫ − − − [7]
 
Taking the first-order condition of [6], we see that the marginal stream of 
utility over time from the capital good should equal the price of capital at the 
optimum: 
Therefore, climate change will affect the consumption of the capital good K if 
the marginal utility from the good depends on climate change.
The efficiency of societal, or public level CCA, where decisions affect many 
people, is defined in Mendelsohn (2012) by a set of CCA projects that maximize 
net benefits (Mendelsohn, 2000). For public sector decision-making, the 
efficient amount of CCA maximises net aggregate benefits:  
 
where  is the aggregate benefits of the CCA project for i agents, and 
 is the cost of the CCA project. Maximizing with respect to Q yields the 
first order condition:  
implying that the public sector should implement CCA projects to the point 
where the marginal cost of the project equals the sum of the marginal benefit 
of CCA across all individuals. Economically, the optimal set of DRM measures 
without a changing climate should fulfil the same criteria as for CCA: the 
efficient set of DRM projects is the set of DRM projects that maximize net 
benefits.  
Climate change will, however, increase the uncertainty related to the criteria 
of effectiveness and efficiency (Hallegatte et al., 2012; Lempert, 2014; Lempert 
and Groves, 2010; Sussman et al., 2014b, 2014a). Assessing and achieving 
effectiveness may not be straightforward because of i) the uncertainties 
inherent in measuring the effectiveness of ‘softer’ DRM and CCA measures, ii) 




iii) the uncertainty regarding the future state of the world (elaborated in 
Section 2.2.3). As noted by Konrad and Thum (2014), there is a risk that a 
response to expected climate change may initially seem cost-effective but turn 
out to be expensive or ineffective when climate change does not develop as 
expected.  
This emphasises the challenge related to long-term uncertainty due to climate 
change, socio-economic and political development (Toth, 2008), as explained 
in section 2.2.3. Therefore, CCA has been noted as mainly being an iterative 
process where learning (Baird et al., 2014; Berkhout et al., 2006; Tschakert 
and Dietrich, 2010) is a key component for successful CCA and initial 
investments should be put on flexible and robust measures (Dessai and 
Hulme, 2007; Hallegatte et al., 2012; Lempert and Groves, 2010, Konrad & 
Thum, 2014). This would potentially avoid the three forms of inefficient and 
ineffective CCA: under adaptation, over adaptation (Hanemann, 2000) and 
maladaptation (Barnett and O’Neill, 2010, p. 211): “action taken ostensibly to 
avoid or reduce vulnerability to climate change that impacts adversely on, or 
increases the vulnerability of other systems, sectors or social groups”.  
To develop policies and measures that perform effectively despite future deep 
uncertainty, a wide range of plausible scenarios are typically assessed (Walker 
et al., 2010; Maier et al, 2016) and models to account for deep uncertainty have 
been developed (Lempert et al., 2003). Based on scenario analysis, robust 
policies and measures—i.e. those that perform adequately in multiple climatic 
and societal future scenarios—can be designed and applied; thereby, reducing 
the current risk and providing benefits in multiple futures despite the deep 
uncertainty inherent in the climatic and societal systems (Dessai et al., 2009; 
Fankhauser et al., 1999; Maier et al., 2016). Preparing and reducing the risks 
of ‘Black swan’ events (Taleb, 2007), also follows the idea of developing robust, 
flexible and adaptive systems (Aven, 2015). 
Assessing the effectiveness and efficiency is relatively straightforward for 
concrete DRM and CCA projects, such as a dyke for flood protection. However, 
public sector DRM and CCA can also refer to less tangible policies and projects, 
such as Research and Development investments or poverty reduction, where 
efficiency may not be the sole decision criteria. Furthermore, equity and 
legitimacy of DRM and CCA are important when defining successful, 
integrated, DRM and CCA. Equity refers to the distributional effects, or 
‘fairness’ of DRM and CCA decisions (Adger et al., 2005; Hallegatte et al., 
2016) and, according to Adger et al (2005, p.83) legitimacy is the “extent to 
which decisions are acceptable to participants and non-participants that are 
affected by those decisions”.  
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3 APPROACH: FROM QUALITATIVE TO 
QUANTITATIVE ANALYSIS 
The theoretical background for this thesis illustrates the complexity of the 
topic. Therefore, the research question is a prime example of a topic which 
requires the use of mixed methods: a combination of qualitative and 
quantitative approaches for data collection and analysis to understand the 
complexity of the issue. As stated in Phillips (2014), both quantitative and 
qualitative methods are valid ways to study disasters. Furthermore, as stated 
by Dunn (2015), policy analysis—of which articles I, II and IV can be 
considered to be a part—is “methodologically eclectic”. The main aim of policy 
analysis should be to produce reliable, policy-relevant knowledge, not to be 
confined by a certain methodology. Policy analysis should be pragmatic, as the 
challenges in public policy are economic, political, cultural, ethical and more 
(Dunn, 2015). This section describes first the justification behind mixed 
methods research and the qualitative and quantitative research approaches 
used. All data and methods are described in more detail in the articles. 
3.1 Mixed methods research 
Broadly categorised, four types of exogenously collected data exist for both 
quantitative and qualitative research: interviews, questionnaires, documents 
and observations. Interview transcripts can lead to quantitative data on the 
content (e.g. word count) or qualitative data in terms of the information 
obtained from the interviews. Questionnaires can have closed questions 
leading to quantitative data and open-ended question leading to qualitative 
data. Documents can be official statistics used for quantitative analysis or can 
result in quantitative content data. Documents are also a common data source 
for qualitative analysis and can consist of e.g. policy documents or personal 
diaries. Observations are the basis for many quantitative analyses, whether the 
observed variable is “natural” or “societal”, and in qualitative research 
observations can come from, for instance, interactions between people, 
pictures or events. (Denscombe, 2007) The difference between quantitative 
and qualitative research is, therefore, not in the data sources but in the nature 
of the data, or the types of units analysed, and how the analysis is performed. 
(Robson, 2002).  
Both quantitative and qualitative methods have their strengths and 
weaknesses (see Johnson and Onwuegbuzie, 2004 for a thorough list). The 
premise of mixed method research is to take advantage of the strengths and 
minimise the weaknesses (Johnson and Onwuegbuzie, 2004) by being “an 
approach to knowledge (theory and practice) that attempts to consider 
multiple viewpoints, perspectives, positions, and standpoints (always 
including the standpoints of qualitative and quantitative research)” (Johnson 
et al., 2007, p. 113). As Johnson and Onwuegbuzie (2004, p. 17-18) note, the 
research question should guide the choice of the research approach: “research 
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methods should follow research questions in a way that offers the best chance 
to obtain useful answers”. 
Two major categories of mixed methods research have been defined: mixed-
model and mixed-method. Mixed-model implies that the research design 
mixes qualitative and quantitative approaches within or across the stages of 
the research process, for instance a questionnaire includes both qualitative 
and quantitative questions (within) or quantitative analysis is performed on 
qualitative data (across). Mixed-method implies that the overall research 
design includes both a quantitative phase and a qualitative phase. (Johnson 
and Onwuegbuzie, 2004) This thesis uses the mixed-method approach, as the 
overall aim is analysed in parallel both with quantitative and qualitative 
methods. 
3.2 Qualitative approach: Semi-structured interviews and policy 
documents 
Several ways of collecting, processing and analysing qualitative data exist. 
Interviews are a suitable method for data collection in cases when the research 
interests are complex and subtler than what, for instance, questionnaires 
could reveal. Interviews are particularly suitable for situations when the 
research interest lies in people’s opinions, feelings, emotions or experiences 
(Denscombe, 2007). Policy documents are a common source of data in policy 
research (Yanow, 2007).  
The semi-structured interview is an interview method where the questions are 
open-ended; the direction or the character of the answer is open and prompts 
and probes are used in case the interviewer thinks more  information could be 
disclosed (Gillham, 2005). Prompts, on the one hand, are based on other data 
or previous interviews and are used if the interviewee does not automatically 
mention something potentially relevant. The use of prompts ensures that all 
interviews have comparable coverage of issues; however, interviewees need to 
be prompted in a way so as not to lead their responses. Probes, on the other 
hand, are supplementary questions or responses that are used during the 
interview, for example, to clarify, justify or give an example of something that 
has been raised during the interview. Gillham (2005, p. 70) states that “it could 
be argued that the semi-structured interview is the most important way of 
conducting a research interview because of its flexibility balanced by 
structure”. (Gillham, 2005, 2000).  
The common steps in qualitative data analysis are: preparing the data, 
becoming familiar with the data, interpreting the data, verifying the data and 
presenting the data. The first two steps, preparation and familiarisation, and 
the last step of presentation are relatively similar to quantitative data analysis; 
however, the interpretation and verification of data differ notably from 
quantitative research. Interpretation of the data consists generally of four 
steps: i) coding the data, ii) categorising the codes, iii) identifying themes and 
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relationships among the codes and categories and iv) developing concepts and 
arriving at generalised statements (i.e. drawing conclusions). (Denscombe, 
2007) Coding of qualitative data is the process of organising and sorting the 
raw data. 
Data verification implies that there needs to be a way to show that the research 
is credible. Showing credibility in qualitative research is not a simple task; 
qualitative research, by nature, leaves more room to the interpretations of the 
researcher and replicability of the research is not necessarily as easy as 
quantitative analysis. However, research procedures such as triangulation (i.e. 
using “contrasting data sources to bolster confidence that the data are ‘on the 
right lines’” Denscombe, 2007, p. 297) and an audit trail (i.e. describing the 
research path and decisions taken during the entire process) are ways to 
increase the credibility of the qualitative research findings (Denscombe, 
2007).  
3.3 Quantitative approach: Cost Benefit Analysis  
Decision-making at any level is based on certain explicit or tacit knowledge 
(Herschel et al., 2001; Wyatt, 2001). One tool, or an element, to increase the 
level of explicit knowledge for decision making is Cost Benefit Analysis (CBA). 
CBA aims at monetising and, thereby, comparing the various benefits of a 
policy or a project in terms of its costs. An increase in individual wellbeing is 
defined as the benefits, and a decrease in wellbeing as the costs. (Arrow et al., 
1996; Boardman et al., 2010; Nyborg, 2014) 
CBA as a tool is based on general welfare economics, aiming to maximise the 
aggregate welfare or social utility through the implementation of projects with 
the highest net economic benefits. Based on the Kaldor-Hicks efficiency 
criterion, each project is assumed to involve winners and losers; and the gains 
and losses are aggregated through a social welfare function. The social welfare 
function is maximised assuming that a ‘benevolent dictator’, a.k.a. a social 
planner, ranks the projects according to the efficiency metrics given by CBA 
and the winners of the project provide compensation of the lost welfare to the 
losers, yet still remaining better off than without the project (Boadway, 1974; 
Nyborg, 2014). The Kaldor-Hicks efficiency criterion does not necessarily 
require actual compensation to be paid; if compensation is paid, the project 
fulfils the criterion for Pareto improvement (Coleman, 1980) (see a formal 
presentation of the standard use of CBA for CCA in Nurmi, 2019).  
In principle, CBA could work as a social decision rule (not a tool or element) 
whereby policies and projects are ranked based on the net benefit criterion. 
This criterion is based on subtracting the project costs from the aggregated 
benefits, which leads to a simple rule that can be used to compare different 
projects and decide the one which has the highest net benefit, i.e. the most cost 
efficient.  
24 
Several shortcomings with CBA have, however, been identified. These prevent 
its use as the only rule in social decision-making (Arrow et al., 1996; Nyborg 
2014). The treatment of distributional aspects within and between generations 
is a fundamental aspect in CBA (Nurmi, 2019), which has been discussed both 
from theoretical (Boadway, 1974) and ethical (Nyborg, 2014) perspectives. 
Particularly in climate change mitigation studies, the valuation of inter-
generational costs and benefits with the correct discount rate has spurred 
debate (Arrow et al., 2013; Dasgupta, 2008; Sussman et al., 2014b; Weitzman, 
2011, 2001). Other key challenges related to CBA in DRM and, particularly, 
CCA studies are imperfect benefit valuation methods, tendency to favour 
monetised costs and benefits, the treatment of non-quantifiable costs and 
benefits, (Smith et al., 2017), ubiquity of impacts, intangibility, non-marginal 
changes, long timeframes (Sussman et al., 2014b) and most importantly, 
uncertainty (Section 2.2.3) (e.g. Graham, 1981; Hallegatte et al., 2012; Li et al., 
2014; Smith et al., 2017; Thorarinsdottir et al., 2017). Despite these challenges, 
Hallegatte et al. (2012) and Sussman et al. (2014b) conclude that CBA has 
value in decision-making for CCA, particularly as a complementary, 
supporting tool but its limitations in the assessment phase and interpretation 
phase should not be ignored. 
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4 SUMMARIES OF THE ARTICLES 
Article I: Defining Climate Change Adaptation and Disaster Risk 
Reduction Policy Integration: Evidence and Recommendations 
from Zambia 
Article I aims to increase the understanding of Disaster Risk Reduction (DRR) 
and Climate Change Adaptation (CCA) policy integration as a means for 
effective and efficient management of weather and climate change related 
risks. The study i) defines integration at horizontal (inter-ministerial) and 
vertical (intra-ministerial) dimensions, ii) refines a policy integration cycle 
and iii) presents an analytical framework to assess DRR and CCA policy 
integration in policy formulation and implementation phases. The policy level 
focus is taken because policies guide actions, and integration at the policy level 
could deepen the overall integration of DRR and CCA (IPCC, 2012). 
The empirical component of the study was undertaken in Zambia. First, the 
IPCC (2014b) risk framework was used to describe the risk from natural 
hazards and climate change in Zambia; the risk from natural hazards and 
climate change is assessed from hazard and climate change, vulnerability and 
exposure persepctives. Second, the analysis focuses on organisations’ roles in, 
and actors’ views on DRR and CCA policy integration to identify potential 
opportunities for, and challenges to, policy integration. Uncertainty is not 
explicitly analysed, but the article is framed to address the uncertainty 
increased by climate change on natural hazards. The data cover semi-
structured interviews, policy documents and the government budget plan.  
The main contribution of the article is the definition of DRR and CCA policy 
integration. Following the idea from the literature that CCA policy objectives 
should be integrated into DRR, and based on the policy integration definitions 
given in Lafferty and Hovden (2003) and Mickwitz and Kivimaa (2007), the 
integration of CCA policies into DRR policies can be defined as i) the 
incorporation of CCA policy objectives into all stages of DRR policy making 
and ii) accompanied by an attempt to aggregate anticipated impacts of climate 
change into an overall evaluation of the DRR policy and a commitment to 




Article II: Adaptation by the Least Vulnerable: Managing Climate and 
Disaster Risks in Finland 
Article Paper II focuses on vulnerability reduction as a key to reduce disaster 
and climate change risk. It addresses the contribution of the underlying risk 
drivers of governance, societal and political factors, culture, policies and their 
implementation to DRM and CCA. Most importantly, the role of five factors 
that constitute ‘the elephant in the room’ in DRM publications and gatherings, 
as suggested by Alexander and Davis, (2012) is addressed: the i) human right 
to hazard information, 2) explosive population growth, iii) corruption, iv) how 
people are placed at risk by the actions of governments and v) gender 
discrimination. More specifically, the aim of the article is two-fold: i) to 
describe the Finnish model and the role of governance and society for DRM 
and CCA and ii) to analyse and problematise the existing frameworks that 
guide—or are designed to guide—the theoretical and practical fields of DRM 
and CCA through the findings of the case description.  
The article focuses on vulnerability reduction as a key aspect in reducing 
disaster and climate change risk. The theoretical contribution furthers 
discussion on the new dimensions in climate change risk analyses by 
emphasising the potential impacts of societal development, such as social 
trends and social cohesion, in effective DRM and CCA. The main contribution 
is an analysis that focuses on a Nordic welfare state, often forgotten in the 
literature when addressing the underlying reasons for disaster risk creation. 
The risk of extreme weather events and climate change is addressed through 
the IPCC (2014b) and PAR (Wisner et al., 2003) frameworks. The article 
provides an insight into a successful case of DRM and CCA, as Finland can be 
seen as a country where strict public regulation, societal progress and major 
investments in ensuring that all vital societal functions work in exceptional 
situations have resulted in a country where natural hazards do not turn into 
disasters and where climate change may actually bring beneficial 
opportunities if successfully harnessed. Uncertainty is not explicitly studied, 
but the role of uncertainty due to climate change and its impacts, and changes 
in societal structures in the risk analysis frameworks is implicitly discussed. 
The article concludes that disaster risk assessments need to be contingent and 
account for social and economic contexts. In an institutionally well-
functioning welfare society, vulnerability assessments should emphasize 
relative changes in perceived social trends and social cohesion. Exposure 
should not be limited to direct geographical or physical exposure to local 
natural hazards. Successful opportunity identification can help improve DRM 
at home and abroad.  
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Article III: Overadaptation to Climate Change? The Case of the 2013 
Finnish Electricity Market Act 
Article III serves as an example of the Finnish approach to DRR and CCA, 
described in Article II. First, Article III provides a mathematical definition for 
economic over-adaptation; i.e. the marginal benefits of the investment to 
reduce disaster risk and adapt to climate change exceed the marginal cost of 
the DRR and CCA policy measure.  
Second, an illustrative case is provided in which the response to extreme 
weather risk, while aligned with the goals of CCA, is implemented beyond the 
economically efficient scale. The article provides an in-medias-res CBA of the 
2013 Finnish Electricity Market Act (Sähkömarkkinalaki, 2013), enacted 
partially as a reaction to long, storm-induced electricity blackouts experienced 
after 2000 and particularly the long, widespread blackouts experienced in the 
2011-2012 winter. The changing risk due to climate change is mentioned as 
one incentive to change the legislation. The Act imposes strict requirements 
on electricity distribution companies with regards to the duration of blackouts. 
Meeting the requirements entails investments amounting to approximately 
one billion euro, due to converting the infrastructure from overhead to 
underground cabling. As a benefit, the avoided cost from the blackouts for 
households and producers is quantified.  
Uncertainty in the parameter values regarding the future development of 
climate change and other socio-economic factors affecting the CBA were 
derived from Monte-Carlo simulations. The results show that for urban areas, 
the net expected value is positive. However, in rural areas less strict 
requirements could have been economically more efficient, implying that 
flexible, less costly measures compared to underground cabling could have 
been used. The results indicate that the distributional impacts and 
correspondence between those who benefit and those who pay the costs should 
be considered in DRR and CCA policies that require large-scale investments.  
The article shows that over-adaptation, leading to inefficient allocation of 
resources from an economic persective, effectively reducses the risk of extreme 
weather and climate change, but may not be accepted by the public as a viable 
way of reducing risk due to the high level of investment cost and the 
consequent significant rise in electricity prices.  
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Article IV: Innovations in weather services as a crucial building block 
for climate change adaptation in road transport  
Article IV assessed the effects of improved weather service provision on the 
safety of road transport to improve CCA in the road transport sector. The 
objectives of the article are to: i) identify and describe the main trends and 
potential innovations in the provision and use of weather services in the road 
transport sector, ii) identify where in the weather service provision value chain 
these innovations would have an impact on the use of weather information 
before and during the trip and iii) analyse the expected magnitude of the value 
of these innovations. The analysis is based on a Weather Service Chain 
Analysis framework (Nurmi et al., 2013). The framework puts emphasis on the 
accuracy of the information, how it is disseminated, received and how the end 
user responds to the information; thereby, analysing the information decay 
throughout the value chain and resulting in an estimate of the fraction of the 
benefit potential realized. It provides an advantage over modelling 
approaches, such as the Cost-loss model (Katz and Murphy, 1997) that relies 
solely on forecast accuracy in assessing the benefits of information provided. 
The study is based on 12 semi-structured expert interviews which aimed at 
identifying the trends and potential innovations in the provision and use of 
weather services and analyses the value of these innovations in the weather 
service provision value chain. Risk and uncertainty are key concepts. An 
uncertain changing climate will pose new risks to the road transport sector. 
Due to the uncertainty, robust methods are needed to reduce the risk in the 
changing conditions. Uncertainty is addressed through sensitivity analysis. 
The largest gaps in the benefit realisation are related to access to up-to-date 
information and drivers’ ability to respond. A large share of the drivers do not 
acquire weather information prior to their trips and base their opinions during 
the trip on the weather conditions mainly through their own observations. 
Therefore, development in the communication technology is a key enabler in 
this step. New ways to reach vehicle drivers, such as applications on mobile 
devices, services for satellite navigation devices and variable message systems 
are being developed. 
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5 CONCLUSIONS  
The main research question of this thesis was to assess potential means to 
overcome the salient challenges in developing and applying DRM and CCA 
policies and measures that are designed to reduce the risks posed by extreme 
weather under uncertainty. This was achieved by identifying and analysing 
challenges related to DRM and CCA integration and their further integration 
into sectoral policies; exploring how governance, other socio-cultural 
structures, policies and their implementation can effectively reduce disaster 
risk and analysing the efficiency, effectiveness and legitimacy of DRM and CCA 
measures. It has contributed to the empirical analysis of integrated DRR and 
CCA policies and measures, and has analysed challenges related to their 
development and implementation. Theoretically, it advances the policy level 
development of DRR and CCA integration and provides a mathematical 
definition for over-adaptation to climate change.  
Article I identifies that vulnerability reduction has not been the main focus of 
DRM and CCA policies in Zambia. Furthermore, even though the importance 
of integration is recognised by some actors, major challenges for integration 
in Zambia include siloed governance structures, lack of capacity in the relevant 
government organisations, coordination of multi-level governance and 
institutional lock-in. An important consideration should be to integrate long 
term CCA into existing DRM policies and measures and jointly integrate them 
in all relevant sectorial policies to effectively reduce the risk of disasters and 
climate change.  
Article II shows that in Finland, the governance of DRM and CCA follow, to 
some extent, similar structures as in Zambia: DRM and CCA are the 
responsibility of different ministries, thereby, potentially causing 
inefficiencies in governance. However, the integration of DRM in sectorial 
policies is advanced, thus reducing potential inefficiencies. Furthermore, the 
Nordic Welfare State, its related governance structure and policy 
interventions, was shown to be effective in reducing societal and human 
vulnerabilities and in developing legislation that reduces disaster and climate 
change impacts.  
The case in Article III serves as an example of the Finnish approach to DRM 
and CCA: it shows that a policy has the potential to substantially reduce the 
risk of extreme weather and climate change, but may not be accepted by the 
public anymore to the high level of investment cost and the consequent 
significant rise in electricity prices. The results indicate that distributional 
impacts and correspondence between those who benefit and those who pay the 
costs should be taken into account in DRM and CCA policies that require large-
scale investments. Furthermore, in the case of over-investment, the 
population affected by a disaster may not accept DRR and CCA that are 
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successful in terms of regulation and implementation. This applies when 
societal and individual preferences do not coincide. 
Article IV shows how technological innovations, and the provision of improved 
weather information can decrease the impacts of extreme weather events on 
individuals. However, decision-making at individual level is still one of the 
defining factors behind the impacts; increasing information provision may not 
improve this but may require advances in technologies to overcome the 
challenge of human decision-making. 
Despite the increasing number of studies focusing on the topic, no explicit 
definition has been provided in the literature for DRM and CCA policy 
integration. The lack of definition may not result in concrete inefficiencies or 
ineffectiveness in practice, but an explicit definition for integration aims at 
improving the systematic assessment of policy documents and other data in 
analysing DRM and CCA integration. At the practical level, the results from 
Zambia show how international discussion and local level experiences have 
increased the understanding of the linkages between DRR and CCA and 
initiated their integration. Although the benefits of integration are known 
among the key actors, the status quo is yet to be challenged, leading to parallel, 
inter-linked and potentially inefficient governance systems.  
Even though integration, or mainstreaming DRM with the long-term CCA 
perspective in all relevant policy sectors—such as water management, 
agriculture, energy etc.—has gained increasing attention, it is still in its 
infancy. Integration in sectorial policies is at the core of efficient and effective 
DRM and CCA. Disasters and climate change do not operate in silos but affect 
most policy and economic sectors.  
A prominent example of government intervention in Finland is the Electricity 
Market Act 2013, where the sectorial policy will effectively reduce the impacts 
of extreme weather; however, it suffered from lack of legitimacy among the 
public. This highlights the need to consider public opinion and potential and 
perceived negative effects on the public and emphasises the need for flexible 
and adaptive policies. For instance, Willingness-to-Pay studies prior to a 
major policy change could be warranted to avoid similar backlashes that took 
place in Finland. Effectiveness of the envisaged measures is a key criterion in 
designing DRM and CCA measures; however, the challenge for policy-makers 
is to design instruments that are accepted by the public. Even though most of 
the analyses in this thesis has focused on policies and large-scale investments 
for DRR and CCA developed mainly by public authorities, the decision-making 
level of an individual in DRR and CCA should not be forgotten. Individual level 
decision-making and actions become important before, during and after a 
severe weather or disaster situation. Even if the information provided has 
reached its full potential, people do not necessarily respond optimally, and 
human behaviour and decision-making are still the key factors in contributing 
to reducing the potential impacts from adverse weather conditions. Some 
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responses to this challenge may arise from technology, particularly in road 
transport where major technological development is foreseen, but until the 
technological potential is reached, severe weather will lead to accidents and 
disasters due to lack of behavioural adaptation. 
The main limitations of the thesis are related to the “snap shot” and case study 
nature of the studies. The articles could have been deepened, at least, in the 
following ways. Article I on the integration of DRR and CCA policies in Zambia 
is a snapshot of a moving target; a longitudinal, or a follow up, study on the 
policy landscape and measure implementation would be needed to conclude 
whether the situation is still valid, whether the recommendations given in the 
article were feasible and whether their potential implementation resulted in a 
more effective and efficient DRR and CCA. Even more interestingly, the 
definition for horizontal and vertical level integration of DRR and CCA policies 
should be analysed in various contexts, for instance in the European Union, to 
understand the current situation and potential challenges at a wider scale. 
Article II would have benefitted from collaboration with experts in political 
systems, such as the Nordic Welfare State, to further analyse the role of 
political systems and culture in DRR and CCA. Article III would have 
benefitted from a more thorough analysis of the willingness-to-pay for 
electricity blackouts, which may also change in the future; thereby, changing 
the results of the study. Furthermore, uncertainties regarding technological 
development in electricity production were omitted from the analysis. Article 
IV would have benefitted from collaboration with experts in behavioural 
science to improve our understanding of individual decision-making based on 
uncertain information, conflicting priorities of individuals and the lack of will 
to act in an effective way. These limitations can be turned into potential future 
research and call for inter-disciplinary approaches to address the above-
mentioned shortcomings. However, noteworthy is that in the ‘field’ of this 
thesis, what matters in the end is action.  
Lack of knowledge is not the most salient challenge regarding DRM and CCA. 
Research can contribute to increasing our knowledge only to some extend; the 
most important next steps are the actions taken by policy makers, 
practitioners and individuals in all fields of policy and practice to build the 
bridge between the inundated shores of DRM and CCA.   
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a b s t r a c t
Due to the common objectives and similarities of Disaster Risk Reduction (DRR) and Climate Change
Adaptation (CCA), their policy level integration has been gaining increasing attention. However, concise
DRR and CCA definitions for policy integrate are yet to be provided. Drawing from the Environmental
Policy Integration, this paper suggests definitions for the integration of CCA policy into DRR policy,
further addressing the importance of its horizontal (inter-ministerial) and vertical (intra-ministerial)
dimensions. The definitions were empirically examined in Zambia during the formulation and im-
plementation of the DRR and CCA policies (at the horizontal dimension), and water management,
agriculture and forestry policies (at the vertical dimension). Data were collected through semi-structured
interviews and document review, and analysed within a policy integration cycle. Zambia is a good ex-
ample of the increased understanding of the linkages of the two fields, and the role of governance in
progressing the integration. Governance challenges and the historical burden have resulted in over-
lapping policy processes, as both policies incorporate the other field, and creates a threat of parallel
national-level structures, thereby increasing potential inefficiencies in governance and policy im-
plementation. The importance of developing a horizontal integration strategy prior to policy formulation
processes to avoid the potential of inefficiencies became evident.
& 2016 Elsevier Ltd. All rights reserved.
1. Introduction
Climate change has brought a new dimension to hydro-me-
teorological processes by increasing the uncertainty related to
weather and the climate, particularly extreme weather and climate
events (climate extremes). Climate extremes with potentially ne-
gative impacts, i.e. natural hazards, may turn into disasters having
impacts on people and their livelihoods by interacting with com-
plex environmental, socio-economic and political interlinkages,
which may be further affected by climate change [28,29,58,59].
To tackle the impacts of natural hazards, there are two, until
recently, separated fields: Disaster Risk Management (DRM) and
Climate Change Adaptation (CCA). DRM can be divided into two
related, but distinct components: Disaster Risk Reduction (DRR)
and Disaster Management. DRR can be defined as a set of policies,
objectives and measures implemented and taken before any dis-
aster risk is apparent, whereas Disaster Management places focus
on the phase when the threat of disaster becomes evident.1 CCA
can be defined as a process in natural systems to adjust to the
actual climate and its effects, and a process in human systems to
adjust to the actual and expected changing climate and its effects,
“in order to moderate harm or exploit beneficial opportunities”
[29].
Although DRM, particularly DRR approaches within it, and CCA
have evolved from different backgrounds, approaches, time peri-
ods, and use partly different vocabulary, their borders are be-
coming increasingly blurred. On the one hand, the DRR commu-
nity is introducing more anticipatory and forward-looking ap-
proaches in comparison to its earlier tendency to address existing
risks, and is increasingly advocating for treatment of the causes of
exposure and vulnerability rather than their consequences
[29,40,44,60]. On the other hand, the understanding of CCA has
shifted from “first-generation” approaches focusing on technolo-
gical remedies for biophysical threats to “second-generation”
Contents lists available at ScienceDirect
journal homepage: www.elsevier.com/locate/ijdrr
International Journal of Disaster Risk Reduction
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1 In this paper, DRM is used when referring to the entire DRM policy of Zambia
(e.g. Table 1), as the policy covers both DRR and Disaster Management. Otherwise,
DRR is used and DRR is the focus of this paper. DRR and DRM terms are not used
interchangeably.
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adaptation that looks for solutions to decrease vulnerability cre-
ated by complex dynamics of change in social-ecological systems
[3,5]. DRR and CCA share many similar objectives as they both
address exposure and underlying vulnerability, and aim at en-
hancing the resilience of affected people, assets and ecosystems
[11,29,35,55,58,74]. Aspects of convergence include, for instance,
poverty reduction due to its focus on vulnerability factors, sus-
tainable management of natural resources for improved resilience
and livelihood, and the integration of both aspects into sectorial
policies and development [11,29,35,4,44,49,58,59,73,77].
The intertwined relations between DRR and CCA have promp-
ted policy-level discussion and academic analysis on the im-
portance of emphasizing the linkages of the two fields and on
increasing their integration. Multilateral donors [29,69–72,79] and
nongovernmental organisations [50,57,77] have noted the linkages
of DRR and CCA and started incorporating them into strategies and
plans in order to enhance sustainable development. Bilateral do-
nors are slowly following the example of multilateral institutions
in their attempts to integrate DRR and CCA within the develop-
ment assistance and its coordination [36,46].
The majority of the academic literature on DRR and CCA follows
the historical separation of the two fields. However, case studies in
various countries and contexts (e.g. urban/rural) regarding the
policy integration process and outcome have been undertaken
(e.g. [9,11,4,54,55,60]). Some studies have analysed the differences
and similarities of DRR and CCA and the consequential hindrances
facing integration [30,44,58]. The key benefits of integration, as
categorised in Venton and La Trobe [77], are: a) reduced climate-
related losses through widespread DRR measures; b) increased
efficiency of resource allocation (financial, human and natural) and
c) enhanced effectiveness and sustainability of DRR and CCA ap-
proaches. Despite the common objectives, well recognized bene-
fits and the similarity of DRR and CCA measures at the practical
level [44], several challenges hinder the integration of DRR and
CCA [4]. Gero et al. [11] identify fragmented policies from the
global to local level as one of the key hindrances to integration;
this is exacerbated by the lack of policy instruments supporting
integration [55]. The hindrances are deepened due to knowledge
mismatches; for example related to climate variability and climate
change data [4,44,55,60,65].
Two shortcomings are evident in the academic literature. First,
it does not explicitly define the relationship of DRR and CCAwithin
the policy integration, and its policy dimensions. Rivera and
Wamsler [55, p. 79] see integration to be part of a mainstreaming
process, “where mainstreaming involves modifications to specific,
core operations in order to incorporate and indirectly act upon
new aspects or topics”. An emerging body of literature supports
the integration of CCA policies and strategies into DRR due to CCA
having the advantage of the long-term perspective. This is sup-
ported by, for instance, in [30,35,44,55,58,59], or, as suggested by
Rivera and Wamsler [55], DRR is the core operation, whereas CCA
is the new aspect to be incorporated. Second, the case study lit-
erature focusing on integration provides hardly any systematic
analytical approaches or frameworks (an exception being Gero
et al. [11]) to understand the varying actors’ perspectives on the
need for, and practicalities of, integration.
The aim of this study is to increase the understanding of DRR
and CCA policy integration as a means for effective and efficient
management of weather and climate related risks. From an ana-
lytical perspective, this paper 1) defines integration at horizontal
(inter-ministerial) and vertical (intra-ministerial) dimensions; 2)
refines the policy integration cycle and 3) presents an analytical
way to assess DRR and CCA policy integration in the policy for-
mulation and implementation phases at the two policy dimen-
sions (Sections 3 and 5). From an empirical perspective, this paper
analyses 1) DRR and CCA policy integration through the analytical
perspective in Zambia, with a focus on agriculture, forestry and
water management sectors at the vertical dimension and 2) the
actors' role and their views on integration to identify potential
opportunities for, and challenges in the policy integration (Sec-
tions 4–6). Context, data and methods are described in Section 2.
The focus on the policy level is taken because policies guide ac-
tions, and integration at the policy level could deepen the overall
integration of DRR and CCA [29].
2. Empirical context
2.1. Country context
The Intergovernmental Panel on Climate Change (IPCC) defines
climate risk as being a factor of the natural hazard, exposure and
vulnerability of society [27,29]. On the one hand, Zambia, located
in Southern Africa, has a relatively stable climate which is char-
acterised most notably by the rainy season occurring typically
from November to April. On the other hand, Zambia is char-
acterised by widespread poverty and high income inequality [64].
The World Bank [64] classifies Zambia as a ‘lower middle income’
country, whereas the United Nations ranks it in the group of least
developed countries [67]. The Global Climate Risk Index places
Zambia to the lowest level of risk category, implying that Zambia
has not experienced major weather-related disasters in the recent
past. However, Notre Dame Global Adaptation Index [48] notes
that “The high vulnerability score and low readiness score of
Zambia [implies that it] has both a great need for investment and
innovations to improve readiness and a great urgency for action.
Zambia is the 45th most vulnerable country and the 65th least
ready country [in the world to adapt to climate change].”
In Zambia, climate change is projected to increase the fre-
quency of days and nights that are considered hot in the current
climate and change the seasonal rainfall pattern by increasing
precipitation and heavy rainfall events during the rainy season
[42,43]. The three sectors in focus in this paper (agriculture, for-
estry and water management) all have a key role in Zambia's
economy and society. Despite the low contribution of the agri-
cultural sector to the gross domestic product (less than 10% in
2013), approximately 60% of Zambians live in rural areas and
agriculture provides livelihood for 50% of the population [64]. The
agricultural sector is suffering, for instance, from high dependency
on rain-fed agriculture and low production and productivity, par-
ticularly among subsistence farmers [14,23,7], and the dependency
on rainfall makes the rural population highly vulnerable to varia-
bility and change in precipitation patterns [32]. Past natural ha-
zards have led to major crop losses and failures [18]. Climate-
smart-agriculture, “an approach to developing the technical, policy
and investment conditions to achieve sustainable agricultural de-
velopment for food security under climate change” [10, p. ix], has
been promoted as a way to improve smallholder farmers response
to the challenges posed by changing climate, and Arslan et al. [1]
find that climate-smart-agriculture has potential in Zambia. For-
ests are a key natural resource to the rural population providing a
safety net through, for example, food, energy and income supplies
and help in water and soil conservation [24,61], are a key con-
tributor in providing ecosystem-based DRR and CCA measures
[53]. Between 1965–2005, the annual deforestation rate was esti-
mated to be approximately 0.5–0.6% of total forest cover, resulting
from a range of direct (e.g. agricultural extensification, charcoal
production) and indirect (e.g. poverty, population growth, climate
variability) drivers [78]. Without proper water resources man-
agement, climate change may threaten the country's renewable
water resources, further challenging economic development [63].
Zambia is addressing the challenge of climate change by
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piloting major climate resilience programmes. In 2010, as one of
the first countries in the world, the World Bank funded Pilot
Programme for Climate Resilience (PPCR) Phase I was initiated. It
moved onto its second phase in 2013.2 Zambia is also creating and
renewing policies and institutional arrangements to guide and
coordinate the approaches towards climate change and DRR.
Zambia was selected because all the studies on the linkages and
integration of DRR and CCA policies, and the need for it, have been
so far undertaken in Asia, the Pacific, and Central and South
America [11,3,55], where natural hazards are more severe and
frequent than in Zambia [37]. However, unless prominent vul-
nerabilities in Zambia are effectively addressed, the country is
likely to experience an increasing risk of natural hazards due to its
high level of vulnerability and low level of preparedness [48,62].
Therefore, Zambia provides an example of a context where the
climate risk is mainly dictated by the societal vulnerability, and not
the natural hazard, per se.
2.2. Data collection
2.2.1. Semi-structured interviews
To understand DRR and CCA integration in the policy for-
mulation and implementation phases at horizontal and vertical
dimensions (Fig. 1), and the role of actors involved and their views
on the integration in Zambia, 21 semi-structured interviews [12]
were undertaken with government bodies (11 interviews in
8 bodies), cooperating partners (2), civil society organisations
(CSOs) (4) and other (4) (see the organisations interviewed in
Appendix A). All the key government bodies responsible for the
DRM and CCA policy at the horizontal level, and in the sectors
chosen for the analysis at the vertical dimension, were inter-
viewed. The main cooperating partners, the United Nations De-
velopment Programme (UNDP) and the World Food Programme
(WFP) were interviewed as they spearhead the DRR and CCA ac-
tivities within the UN Development Assistance Framework (UN-
DAF). The CSOs interviewed are all members of the Zambia Cli-
mate Change Network that represents the organisations focusing
on the climate change and DRM-related processes. Cooperating
donors in the agriculture, water management and forestry sectors,
and two other non-governmental actors that participated in the
climate change policy formulation were also interviewed.
Semi-structured interviews were necessary due to the in-depth
nature of the analysis; the objective was not to merely analyse the
integration in the policy documents but to focus on the actors’
views on policy integration, and how integration may unfold in the
policy documents and in the implementation phase in Zambia. The
interviews with CSOs and other actors were used to add depth and
to triangulate the information given by government bodies and
cooperation partners. The interviewer followed the snowball
technique to make sure that all key stakeholders were covered,
and the interview round was terminated when the interview re-
sponses started to converge toward common answers. The inter-
views lasted approximately one hour and were transcribed ver-
batim. They were completed in July 2014, before the adoption of
the Sendai Framework for Disaster Risk Reduction 2015–2030 [68],
which has already spurred response in Africa.3
The interview guide was divided into policy formulation and
implementation phases. The themes regarding the formulation
phase were: 1) the responsibilities of the organisation regarding
DRR and CCA; 2) knowledge of the terms and concepts in DRR and
CCA and disaster occurrence in Zambia; 3) policies and legal fra-
meworks that are guiding the work of the interviewee's organi-
sation, and 4) how the organisation has participated in the for-
mulation of the relevant policy documents. The themes regarding
the implementation phase were: 1) the institutional arrangements
and financial assistance toward achieving DRR and CCA policy
objectives, and 2) practical examples of the integration of DRR and
CCA occurring in Zambia.
2.2.2. Documents
The objectives of the study guided the choice of the com-
plementary data (See Appendix B). All available CCA and DRR
documents were analysed to determine the horizontal integration
of CCA and DRR in the policy documents. Vertical integration in
the chosen sectors was analysed though the existing or draft Acts
of these sectors to screen possible CCA and DRR policy instruments
and initiatives. The drafts of the National Policy on Climate Change
(NPCC) and the national agricultural policy were received from
government officials. No access was given to the DRM policy re-
vision draft. Financial support for the horizontal and vertical policy
implementation was analysed through the government budgets
2012–2014. Neither the NPCC nor the revised DRM Policy [13] had
been adopted by the Cabinet of Ministers by the time the analysis
was conducted.
2.3. Analysis
The documents and interviews were analysed with respect to
four aspects: 1) if, and in which phase of the policy cycle, policy
level integration was occurring; 2) dimension of the integration; 3)
implementation instrument, project or programme and 4) the
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actor involved. The first aspect consists of the four stages in the
formulation and four stages in the implementation phase, and
challenges in the integration (Section 4). The second aspect con-
sists of the dimension of the integration, and it was coded as
‘horizontal’ (overall CCA or DRM policy) or ‘vertical’ (within sec-
torial policies). The third aspect in terms of policy instruments was
coded as ‘Legislation’ and further as ‘Regulation’ if relevant; ‘Eco-
nomic’; or ‘Information’ [76] and in terms of programmes as
‘Ecosystem-based DRR or Adaptation’ (Eco-DRR & EbA) or ‘climate-
smart agriculture’ [29]. The data were coded with R software
package RQDA [26].
3. Integration of disaster risk reduction and climate change
adaptation within a policy cycle: definitions and framework
3.1. Defining disaster risk reduction and climate change adaptation
policy integration
Despite the increasing volume of literature on the integration
of CCA into DRR policies, the term policy integration has not been
explicitly defined in this context. Policy integration was first de-
fined in Underdal [66], which was further utilised in the devel-
opment of Environmental Policy Integration (EPI) [39]. EPI, by
definition, sets environmental goals as the first priority when in-
tegrated into sectorial policies. In other policy areas, the idea of
principled priority has been relaxed (e.g [31,45]).
Following the idea from the literature that CCA policy objec-
tives should be integrated into DRR, and based on the policy in-
tegration definitions given in Lafferty and Hovden [39] and
Mickwitz and Kivimaa [45], the integration of CCA into DRR po-
licies can be defined as:
 The incorporation of CCA policy objectives into all stages of DRR/
DRM policy making;
 accompanied by an attempt to aggregate anticipated impacts of
climate change into an overall evaluation of the DRR/DRM policy,
and a commitment to minimise contradictions between CCA and
DRR/DRM policies and implementation processes.
The objectives of CCA should be integrated in the DRR policy
objectives, and not vice versa, as governmental DRR structures
already exist in many countries (e.g. [2]) as well as the long-term
experience of these government bodies in tackling with various
kinds of hazards. If successfully integrated according to the defi-
nition, the perspectives of CCA policy and practice would bring in
the much-needed long-term planning expertise into the already
existing vulnerability reduction aims of the DRR policies and
practices.
A further aspect of policy integration is its two dimensions.
Firstly, horizontal integration, according to Lafferty and Hovden
[39], “is the extent to which a central authority has developed a
comprehensive cross-sectoral strategy for EPI”. Following this idea,
horizontal integration of DRR and CCA policies can be defined as
the extent to which a central authority has developed a cross-sec-
torial strategy to integrate CCA and DRR policies. Secondly, vertical
integration, defined as “the extent to which a particular govern-
mental sector has adopted and sought to implement environ-
mental objectives as central in the portfolio of objectives that the
governmental body continuously pursues” [emphasis added] de-
picts the key feature of EPI, which is to give a principled priority of
environmental objectives over sectorial policies [39]. However, it is
not reasonable to assume that a principled priority should be gi-
ven to the shared objectives of the CCA or DRR policies over the
sectorial policies. Therefore, vertical integration of DRR and CCA
policies can be defined as the extent to which a particular
government sector has adopted and sought to implement the shared
objectives of the CCA and DRR policy objectives in the portfolio of
objectives that the governmental body continuously pursues. Fol-
lowing the distinction in economic theory [47], the definitions
suggested here can be seen as normative; how things should be;
whereas the following analysis is positive; how things are. The
recommendations provided in this paper aim at narrowing the gap
between the two.
Integration dimensions can be understood as dimensions in a
governance ‘landscape’, where focus is placed on the role of
‘governmental steering’ [39, p. 12]. This implies an analytical focus
on “strategies, plans, instruments and other initiatives” (i.e. gov-
ernance) in the policy making. Vertical integration does not re-
quire that a horizontal integration process has already taken place,
and vertical integration is often the dimension pursued more ac-
tively and achieved earlier due to an easier process [39]. The
horizontal and vertical policy processes do not necessarily occur
simultaneously or equally many times.
The analytical framework used is given in Fig. 1. To obtain an
in-depth understanding of the integration of the CCA and DRR
policies at the horizontal level and the integration of their shared
objectives at the vertical level, a policy cycle framework was used
as a heuristic device. Fig. 1 depicts the two policy dimensions and
their relation to the policy cycle, which can be broadly decom-
posed into formulation and implementation phases. The policy
cycle and its use in the empirical context is explained in detail in
Section 3.2. To reflect the policy situation in Zambia (dotted arrow
included only for illustrative purpose), where sectorial policies
have already been adopted and are at the implementation phase,
as opposed to the DRR part of the DRM policy and the NPCC, this
paper analyses the on-going horizontal integration at the policy
formulation phase, whereas the focus of the implementation
phase in relation to policy integration is on both the horizontal
and vertical dimension.
3.2. Analytical framework for policy integration
The generic form of the policy cycle shown in Fig. 1 has been
further refined in Mickwitz and Kivimaa [45] to the policy in-
tegration cycle (presented in Fig. 2) to reflect stages where policy
integration can take place. This is used as a heuristic framework to
analyse the policy level integration of DRR and CCA in Zambia. The
framework elaborates on the frameworks of Pollitt and Bouckaert
[52] and Vedung [76] by specifically focusing on the stages in the
policy cycle where integration can take place, assuming that it is
wanted and beneficial. The definitions for the eight stages within
the policy formulation and implementation phases analysed in this
paper and the focus of this paper in each stage are provided in
Table 1. The empirical focus on integration in different stages in the
policy process, instead in the final DRM and CCA policy documents,
was done because the process of DRR and CCA integration is at an
early stage in Zambia, and final DRR and CCA policy outputs were
not available during the data collection period.
The limitations of the policy cycle have been widely discussed
in the policy literature, and alternative approaches have been
developed and demonstrated. According to its critics it does not,
for instance, accurately portray the complexity of real-world pol-
icy-making, as it decomposes the policy-making process into dis-
crete sequential phases and further down into stages; it does not
define policy goals or provide means to prioritise them; it neither
explains or predicts actors’ behaviour nor power relationships;
does not have causal theory or testable hypotheses, and has never
been turned into a theory in itself, e.g. [6,33,56]. However, despite
this criticism, it has proved to be a useful conceptual tool and
heuristic device, applied to analyse and understand the “everyday
processes” of complex policy-making [33,34,52]. Although this
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paper does not focus on the policy process, per se, the policy cycle
framework proposed in [45], with its specific focus on policy in-
tegration, provides a way to structure data collection and analysis
in the empirical setting.
As this paper analyses policy integration in an on-going process
of policy formulation and implementation, the intermediate
(short-term outcomes, such as reduced number of flood damage
and casualties due to improved policies) or final (long-term out-
comes, such as increased level of child nutrition) outcomes, cannot
yet be identified or analysed. Indeed, they often take years to
realise. However, as Mickwitz and Kivimaa [45] state, it is crucial
to remember that the goal of policy integration should not be to
change bureaucracies but the real world, that is the states of the
environment, economy and society. Assuming that increased in-
tegration of DRR and CCA policies is supported, this should be the
main goal of the process also in this context.
This paper is not a retrospective evaluation on policy integra-
tion [76], but an assessment of ongoing policy integration using
Zambia as an example within the wider discussion of DRR and CCA
integration. As noted in Ishii and Langhelle [31] in relation to
carbon capture and storage policy, the most appropriate level of
integration cannot be judged a priori, but through successive
iteration of policy processes and practices; and a higher level of
integration can be achieved through a conscious integration
process.
Table 1
The stages of the policy cycle and the focus of analysis in Zambia.





Public intervention starts when the problem is identified and
comes to the attention of political officials or governments
[25,76].
DRR and CCA integration in the agenda setting/
initiation and preparation of the formulation of the
CCA and DRM policies.
Preparation A multi-purpose stage with potentially many actors to as-
sess e.g. the nature of the problem, options for action,
consequences and costs; ends with the presentation of
proposals for outcomes to be decided upon. [76]
Decision A formal, authoritative, legitimating resolution which can be
made at different governmental levels. [76].
The state and actors of the decision on the ap-
proval of DRM and CCA policies and the implica-
tions for integration.
Outputs Outputs as policy documents, which are forward-looking
documents setting goals and priorities for the nation [45].




Objectives The objectives of the policy instruments, such as regulation,
economic instruments and information, or programmes to
implement the policies [45].
Integration in the objectives of the DRR and CCA
policy instruments.
Inputs Resources, staff and buildings to implement measures to
reach the objectives [52]
The government budget allocation and staff input
to coordinate the implementation of common DRR
and CCA policy objectives.
Administration Conversion from inputs to outputs [76]. Integration in the institutional arrangements
which coordinate DRR and CCA policy
implementation.
Outputs The matters in the policy implementation and their potential
integration faced by the target groups, which are e.g. com-
panies, organisations or individuals [45]. These again feed
back to the revision of policies for the next cycle.
The existence of government programmes to im-
plement the common objectives of DRR and CCA
policies.
Fig. 2. The policy integration cycle used in the analysis (adopted from [45]).
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4. Integration of disaster risk reduction and climate change
adaptation policies in Zambia
This section analyses the current governance of DRR and CCA
(horizontal) policies and sectorial (vertical) policies in relation to
agriculture, water resources and forestry sectors, and if any in-
tegration of the common objectives of CCA and DRR is present.
Despite that the DRR and CCA policies had not been adopted by
the time data were collected and analysis undertaken, existing
sectorial policy documents to guide implementation include as-
pects of CCA and DRR, and there are several CCA and DRR pro-
grammes on-going in Zambia. No direct quotes from the inter-
views have been provided due to the politically sensitive nature of
the subject in Zambia; in the following a clear indication of the
type of information source is provided.
4.1. Integration at the horizontal dimension
This subsection analyses the integration of DRR into the NPCC,
and CCA into DRM policy in the formulation of these two policies.
In practice, the formulation took place more or less simultaneously
in 2013–2014.
4.1.1. From initiation to preparation
DRM in Zambia has been under the auspices of the vice pre-
sident’s office since 1994; the main governmental institution re-
sponsible for DRM is the Disaster Management and Mitigation
Unit (DMMU). The Disaster Management Operations Manual, the
National Disaster Management Act and the National Disaster
Management Policy [17,19,20] guide and support the im-
plementation of disaster management programmes and activities
in the country. A revised DRM policy had been under development
since 2013, and the policy was adopted in June 20154 [13]. The
preparation for the DRM policy was coordinated by DMMU and
supported by WFP.
CCA in Zambia was explicitly initiated in the National Adaptation
Programme of Action (NAPA) [18]. The preparations for a govern-
ance framework for managing CCA was started in 2007 with policy
formulation, creation of a National Climate Change Response
Strategy [15,16] and drafting the NPCC. Between 2009–2012, this
was overseen by the Climate Change Facilitation Unit, which han-
ded over the responsibility to the interim Climate Change Secre-
tariat, the current, temporary coordination structure for climate
change in Zambia. The preparation was started by UNDP and was
coordinated by the then Ministry of Tourism, Environment and
Natural Resources (current Ministry of Land, Natural Resources and
Environmental Protection).
Zambia has stated the need to combine and harmonize CCA
and DRM legislation and has been contemplating different options
for the institutional CCA and DRM arrangement (GRZ, n.d.) [23].
The incorporation of DRR aspects into the climate change policy
documents is visible in the relevant documents starting from the
National Climate Change Response Strategy [15]. In the first policy
document to touch on this issue, the NAPA [18], DRR aspects can
only be seen, for instance, in the statement that the “NAPA will
complement the efforts of the government through the following:
(1) contributing to the security of the vulnerable Zambians …”,
whereas the National Climate Change Response Strategy from
2011 lists “Adaptation and Disaster Risk Reduction” as the first of
its five pillars.
The United Nations Development Assistance Framework (2011–
2015) has developed a Joint Programme on Climate Change and
Disaster Risk Reduction for Zambia; initiated by the realisation
that most disasters in Zambia are climate-related. Based on a
stakeholder interview, this aspect was therefore taken further in
the preparation of the NPCC and supported by the United Nations
(UN). DMMU was actively involved in the preparation of the NPCC
regarding the DRR component. According to the key actors for
DRM policy formulation, the incorporation of CCA aspects in the
DRM policy was initiated by a shift in the international focus of the
DRM field, through the implementation of the Hyogo Framework
for Action [73], and at the local level by the DMMU because of the
realisation that climate change is exacerbating the hazards af-
fecting the communities. The incorporation was also supported by
the UN. The preparation involved consultation with sectorial sta-
keholders and CSOs; confirmed by the umbrella group for CSOs
acting in climate change. However, according to the key govern-
mental climate change actors, they were not aware of the DRM
policy revision process. Thereby, parallel policy processes with
integration taking place in both directions emerged at the begin-
ning of the processes.
4.1.2. Decision leading to output
The draft NPCC and DRM policies were submitted to the ca-
binet of ministers concurrently in the spring 2014. The CCA and
DRM policies were to be approved by the same committee in the
cabinet of ministers. The committee is in a position to ensure
that there are no contradictions between the policies, institu-
tional structures (see Section 4.1.4) and implementation, which
may be the output of the parallel policy processes. The policy
outputs will depend on the decision taken in the parliament,
and can be only analysed after the policies have been adopted.
There are two potential outputs in terms of integration. The
more likely output of the parallel preparation processes will be
two separate policy documents: DRM policy and NPCC, which
both address DRR and CCA issues, implying that two-way in-
tegration takes place.
4.1.3. Objectives in the policy instruments
In terms of regulatory instruments, no legislation exists that
directly addresses CCA. A plan to develop a climate act focusing on
the institutional CCA framework and mitigation exists. Two key
governmental climate change actors noted that CCA does not re-
quire legislation per se, but it should be incorporated in the
practices and mainstreamed into the legislation of sectors whilst
renewing their acts.
The Disaster Management Act (2010) does not impose any di-
rect regulation to implement DRR measures or explicitly mention
climate-related risks or climate change. It gives the planning, co-
ordination and monitoring mandate to DMMU to, inter alia, pre-
vent and mitigate all potential disaster risks, and imposes a re-
sponsibility to DMMU to guide sectorial ministries and depart-
ments, the private sector, nongovernmental organisations, com-
munities and individuals on how to assess, prevent and reduce the
risk of disasters. It also establishes a National Disaster Relief Trust
Fund. The objectives of the existing DRM legislation point towards
the common objectives of DRR and CCA. In terms of information
instruments for CCA, capacity building and awareness raising in
the communities was raised as an important, yet poorly utilised
policy instrument by all governmental actors on DRR and CCA, and
CSOs. Zambia has formulated the National Climate Change Ad-
vocacy, Communication and Awareness Strategy, and its im-
plementation is the first measure identified in the draft NPCC to
increase climate change awareness.
The Disaster Management Act involves two information in-
struments: a multi-hazard Early Warning System and an electronic
disaster management database which should be “electronically
accessible to any person free of charge”. The responsibility of these
is given to DMMU, and the database, titled ZEPRIS, has been4 This policy document was not available for this study.
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developed.5 These instruments, if implemented successfully, con-
tribute to the common objectives of CCA and DRR by increasing
the resilience of society and communities to natural hazards.
4.1.4. Achieving the objectives
In terms of the inputs to achieve the objectives of the policy
instruments, an important aspect is the monetary allocation for
the common objectives of CCA and DRR. Tracking government
budget allocations for CCA and DRR is challenging due to, for in-
stance, the lack of clear definition for DRR and CCA activities
[41,51] and the discrepancy in planned government budgets and
actual spending [80]. However, it is important to understand the
planned budget allocation on CCA and DRR, as it gives an indica-
tion of the priorities of the governments.6
DMMU is the only government authority receiving a substantial
budgetary input for DRR and CCA, as the interim Climate Change
Secretariat is mostly funded through the Pilot Programme for
Climate Resilience. However, the inflation adjusted allocation for
preparedness, response and mitigation for DMMU in 2012–2014 has
been decreasing. In 2012–2013, an activity titled ‘Facilitate the
Development of Disaster Risk Reduction (DRR)’ was allocated less
than 0.5% of the preparedness, response and mitigation budget
resources, but in 2014, an activity titled ‘Climate Change Adaptation
Projects’ was allocated over 5% of the same budget. These show a
sign of CCA and DRR integration and changing preferences at the
policy level. DMMU has a district level disaster fund implemented
in 20 out of the 72 districts in Zambia. A plan to develop disaster
funds at provincial and national level also exist. The experience in
the 20 districts has shown the challenges regarding financing of the
activities. The interim Climate Change Secretariat plans to create a
climate fund for implementation of climate change activities.
Due to donor-driven projects, several CCA programmes are al-
ready initiated or taking place, with additional contribution from the
government. Early warning systems and dissemination of meteor-
ological information were seen as key implementation measures
among the key donors, both DRR and CCA actors in the government,
agricultural sector and CSOs, and the Zambian Meteorological
Department saw this as its main role in CCA and DRR. The Pilot
Programme for Climate Resilience has also initiated an early warning
system project. This is also reflected in increased government
budget allocations for the procurement of new and upgrading of
existing meteorological stations and the development of supporting
infrastructure. However, the current, and particularly the develop-
ment of future integrated implementation measures, which could
address the long-term climatological changes, such as climate-
proofing new infrastructure to consider future climate, suffer from
the lack of research on future climate. The government budget does
not allocate any funding for climatological research. Furthermore,
basic research on situational and vulnerability analyses in relation to
CCA and DRR was seen to require much more emphasis and funding
by the governmental actors, compared to the current situation.
DMMU has received funding for information dissemination through
ZEPRIS from the government and ZEPRIS is currently under further
development to disseminate disaster and climate change informa-
tion online.
Administration of DRM and CCA policies takes place both at
national and local levels. National level coordination is a key issue
in terms of funding streams and general efficiency of the im-
plementation; however, actual implementation of measures and
programmes is mostly performed at the local level. Zambia is
aiming at increasing the decentralization of government
structures, and the importance of the governance of local level
implementation was suggested by the governmental climate
change actors and one CSO. At the district level, development
coordinating committees are the main focal point for all govern-
ment issues. The focal point for climate change is the district de-
velopment coordinating committee, as this enables the main-
streaming of CCA into all various sectors. DMMU structure at the
district level are disaster management coordination committees,
which are a sub-committee of the development coordinating
committees.
Currently, the government is providing financial input for CCA
by allocating staff from ministries as part-time attachments to
the interim Climate Change Secretariat, with a positive effect of
having staff report back to their ministries, and from 2014 by
allocating budget funding for other operating expenses [75].
However, as noted by an actor with experience of the interim
Climate Change Secretariat, the participation is not their priority,
and staff commitments may vary. This situation may potentially
change if an independent National Climate Change Development
Council is founded, as full time staff would be employed. As
noted by the actor responsible for the NPCC and one CSO,
funding available for climate change is currently plentiful, but a
legal mandate and long-term government contribution is needed
to keep government structures sustainable. Due to historical
examples, the CSO was critical regarding the creation of new
government structures.
All key climate change actors (governmental and CSO) noted that
the dominating issue in the NPCC will be the form of the institu-
tional framework. Three options for the national level institutional
CCA arrangement have been considered: 1) the National Climate
Change Development Council; 2) aggregation at the Ministry of Fi-
nance and Planning, the Cabinet or the Vice President's office; or 3)
to keep climate change under the Ministry of Lands, Natural
Resources and Environment Protection and DRM under the Vice
President's office and DMMU [23]. Currently, it is suggested that a
National Climate Change Development Council is established to
coordinate the implementation of both CCA and mitigation, whereas
DMMU will be the implementation body of the DRM policy.
However, due to government hesitation and financial constraints to
create new government structures, the less likely, yet possible out-
put is that the mandate of CCA is given to an existing government
authority. DMMU was seen suitable as it is the only government
agency with experience on undertaking hazard and vulnerability
analyses. DMMU has also gained experience through hosting the
existing DRM platform, the Zambia Vulnerability Assessment Com-
mittee, which has representation from the government, donors and
civil society. Furthermore, DMMU has been the only actor doing
community-level weather related vulnerability assessments, and it
is also the only government department with structures and re-
presentation down to the village level, which provides opportunity
for effective implementation of DRR and CCA activities.
The concern regarding the operationalization and im-
plementation of the climate change and DRM policies due to the
overlaps in the NPCC and DRM policies was raised by the climate
change actors. Despite that DMMU is eager to expand its mandate
to cover DRR objectives and would be a natural candidate for co-
ordinating CCA efforts, governmental climate change actors noted
that the challenge with DMMU being responsible for long term
climate change issues is the traditional mandate and practice of
DMMU only responding to emergencies. This was also visible in
the allocation of resources in the budget, as the majority of the
budget was targeted towards emergency response activities. The
hesitation to give CCA coordination to DMMU has historical roots
as, according to a donor actor, DMMU was not given the respon-
sibility of the CCA coordination at the creation of the Pilot Pro-
gramme on Climate Change because no climate change issues
5 Zambia Emergency Preparedness and Response Information System (ZEPRIS)
http://www.zepris.dmmu-ovp.gov.zm/
6 The ZCCN has undertaken budget tracking in 2011 and 2013; however, due to
the lack of inflation adjustment, the results of these studies are not reported here.
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existed in the DRM legislation at the time. This led to the devel-
opment of the interim Climate Change Secretariat.
4.2. Integration at the vertical dimension
Vertical integration ensures that the sectorial legislation, policy
instruments and programmes are screened for the common ob-
jectives of CCA and DRR to decrease the likelihood of goal-conflicts
between DRR, CCA and sectorial policies. The most relevant in-
formation regarding the DRR and CCA objectives in the existing
legislation in agriculture, forestry and water management sectors
is given in Appendix C to understand the current level of vertical
integration in the sectors. The analysis shows that in terms of
regulatory instruments, some vertical, indirect integration exists.
The agricultural sector is governed by several Acts. None of them
directly address DRR or CCA; however, the Food Reserve Act [22]
covers disaster management. The Forests Act [21] is rather dated,
and direct vertical integration in the regulation does not take
place. However, indirectly the aim of using forests in a sustainable
manner contributes towards the common objectives of CCA and
DRR. The Water Resources Management Act [16] is the most ad-
vanced in terms of vertical integration. The purpose and the
guiding principles of the Act are clearly linked to the shared ob-
jectives of CCA (explicitly mentioned) and DRR. Furthermore, the
Water Resources Management Authority shall explicitly consider
impacts and adaptation to climate change in its operations,
thereby bringing in the long-term aspect to the legislation.
The only economic instruments to touch upon the common
objectives of DRR and CCA exist in the agriculture sector. Accord-
ing to Kuteya [38], the majority of the agricultural policy objectives
are implemented through the agricultural budget. A slight major-
ity (52% in 2014) of the agricultural budget is directed to so called
Poverty Reduction Programmes, out of which 96% is targeted to
Fertilizer and Input Support Programme (32%) and Food Strategic
Reserves (64%). The budget share for these increased by 3% points
from 2013 to 2014, despite several reported problems in these
programmes. Donor support for Social Cash Transfer programmes
(see [8] for evaluated benefits in Malawi) within the agricultural
budget increased by 169% from 2013 to 2014 [38].
In agricultural sector in 2014, small scale funding had been
allocated to the agricultural budget for ‘climate change projects in
land husbandry’, ‘small scale irrigation projects’, ‘construction of
irrigation streams under climate change’ and ‘climate-smart agri-
culture’; thereby indicating an increased awareness of the need for
CCA in the sector. Capacity building, awareness raising and science
centres on climate change were allocated resources in all years. In
the forestry budget, deforestation has been mentioned in 2013 in
terms of assessment and monitoring, and in 2014, when the UN
REDD programme7 was allocated resources.
Climate smart agriculture has been heavily promoted by the
cooperating partners and the civil society, and in 2014, a small
contribution from the government was added to the national
budget. However, there is no indication of changing government
preferences in terms of diverting away from the Fertilizer and
Input Support Programme and Food Strategic Reserves pro-
grammes towards government initiatives for less climate-sensitive
agriculture, such as heavier support for small scale irrigation and
other climate-smart agriculture measures.
In terms of the inputs invested in the sectors in 2012 and 2013,
the water resources management sector was allocated funding for
monitoring the impacts of climate change, and in 2013 money was
also allocated for integration of climate change in water resources
monitoring. In 2014, no explicit climate change allocation was
made. Water management actors noted that, despite the im-
portance of water resources, there is a lack of research and
knowledge on the quantity and availability of fresh water.
Intra-ministerial coordination for climate change has been es-
tablished through climate change focal points, which still exists, at
least, in the Ministry of Agriculture. The interim Climate Change
Secretariat plans to sharpen its operation manual in order to
clarify the interaction of the secretariat and the ministries. No si-
milar structure has so far been created for DRR issues.
5. Discussion
The general direction for integration in the academic literature,
in the EU European Commission 2013 [81] and further explicitly
defined in this paper, is that climate change policy goals should be
integrated into DRR policy goals. Zambia is a clear example of how
international discussion and local level experiences have increased
the understanding of the linkages between DRR and CCA, and
initiated their policy integration. Integration is, however, not un-
problematic. Our analysis shows that the historical structures of
the governing bodies and the different political interests have
created a situation where a systematic and strategic approach to
integration is lacking. Although the benefits of integration are
known among key actors, the status quo is yet to be challenged,
leading to parallel, inter-linked and potentially inefficient gov-
ernance systems. With respect to the role of integration in the
policy cycle, parallel policy integration was initiated at the be-
ginning of the policy process, either initiated or supported by the
UN. Zambia is, thereby, an addition to the list of countries where
the governance related challenges of the integration of DRR and
CCA are visible.
Addressing integrated DRR and CCA efforts with vulnerability
reduction as the main focus should be a priority in Zambia, as it is a
country where vulnerability is the main contributing factor to dis-
aster risk. DMMU or the interim Climate Change Secretariat do not
yet have the main responsibility for this due to the need of multi-
sectoral development expertise of vulnerability reduction, however,
it should be the first priority of DRR activities in Zambia. Despite the
“theoretical” advantages of DMMU extending its mandate toward
DRR, CCA and development work compared to the current focus on
disaster management, it is challenging due to DMMU's lack of in-
stitutional capacity and legitimacy amongst key actors. This would
avoid the creation of parallel structures, but would require a shift in
the focus of DMMU operations, including the expertise needed in the
daily work. If further integration already taking place is promoted,
the renewal of the DRM policies and legislation to incorporate CCA as
a long-term perspective would direct the development of the CCA
and DRR fields towards the definition suggested in Section 3.1. Fur-
thermore, integration has potential at the district level, where the
impacts of natural hazards are felt and measures implemented.
CCA has been incorporated into the water resources manage-
ment sector; it is becoming an emerging issue in the agricultural
sector, whilst the focus of the forestry sector is more on mitigation
of climate change. However, a thorough vertical integration re-
quires a systematic analysis of the vulnerabilities and role of nat-
ural hazards and climate change in the vulnerability, and a plan on
how to avoid goal-conflicts between different policies. A thorough
analysis would be a costly, yet highly beneficial effort to ensure
sustainable development under climate change. It would also
guide the inter-ministerial harmonization after which the DRR and
CCA policies, and their objectives, would be in a position to bring
efficient coordination to the vertical dimension, improving cur-
rently lacking policy coherence.
The majority of the CCA and DRR programmes have been in-
itiated and maintained by donor funding, which may create a7 http://www.un-redd.org/
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serious challenge for their long-term sustainability. This is evident
in the lack of government and donor contributions for Eco-DRR &
EbA programmes, which require a long-term commitment if they
are to deliver positive outcomes.
To complement existing literature on DRR and CCA policy in-
tegration, this paper explicitly defines DRR and CCA policy in-
tegration and introduces and uses a heuristic framework originating
from the environmental policy field. Such an approach provides a
systematic way to analyse policy integration and to understand
varying perspectives on the need for, and practicalities of, integra-
tion. Interviews gave an understanding of the underlying reasons
and justification for the challenges in the policy-level integration
and helped to obtain actors’ views on the capacity, appropriateness,
and implications of CCA becoming part of the remit of the DMMU.
On a practical level, the analysis provides insights that can as-
sist not only the government and cooperation partners, but other
countries in the Southern African Development Community
(SADC) region in their efforts to effectively and efficiently manage
weather and climate related risks. Similar parallel DRR and CCA
structures are found in almost all SADC countries, the only ex-
ception being Mozambique [2]. Furthermore, Tall et al. [62] note
that “Knowledge and data collection on the climate disaster man-
agement institutional frameworks and policy contexts of African
countries remain generally quite poor”. The practical implications of
the analysis in the SADC region are further supported by the no-
table similarities between most of the 15 SADC countries (ex-
cluding South Africa, Botswana and Mauritania) in terms of their
vulnerability and readiness to adapt to climate change [48].
The policy cycle has been criticised for being an over-simplifi-
cation of the nature of real world complex policy-making pro-
cesses. The cyclical, often chaotic nature of policy making implies
that there is no beginning or end, and all the stages of policy
making take place in a complex environment. This was the case in
Zambia, as the DRR and CCA policy processes were initiated before
the current policy document preparation stages began. Therefore,
several versions of our integration policy cycle framework were
considered to reflect the situation. Eventually, the policy integra-
tion cycle presented in Mickwitz and Kivimaa [45] was refined
with clear definitions and an analytical focus for each stage. This
proved to be a useful heuristic tool structure the interview guide
and analysis. The semi-structured interviews provided insights
into the policy making challenges, which would not have been
possible by document analysis alone. Although the interviews
were beneficial, the ‘true’ explanation for incorporating both CCA
into the DRM policy and DRR into CCA policy and the power re-
lationships at stake were more difficult to obtain. Furthermore,
analysing the holistic policy context, including the pressure to
preserve or change policies, would require a different approach.
Following Lafferty and Hovden [39], further research should
identify a set of indicators to define the specific extent of hor-
izontal and vertical CCA and DRR integration. The original in-
dicators for EPI developed in [39] can be used as the starting point
for indicators in DRR and CCA integration. As this study was un-
dertaken whilst the CCA and DRR policy integration was in the
making, further research would be required to analyse the final
extent of integration, and the implications of the parallel policy
outcomes and the potential inefficiencies. Other sectors at the
vertical dimension, for instance energy or public works sectors,
would provide additional insight and more compelling evidence
for the (inadequate) vertical integration. This study did not ad-
dress the integration of DRR and CCA objectives into economic or
social development policies in Zambia. This should not be for-
gotten, as the full benefits of the CCA and DRR integration process
are achieved only if the objectives of CCA and DRR are in-
corporated to all sectorial and development policies [29,30,35,36].
6. Conclusion and recommendations
Climate change, as one of the components increasing the risk
landscape, poses challenges to societies and governments, parti-
cularly in situations where existing, historical disaster risks are not
effectively and efficiently managed. This will require reshuffling of
government structures, and increasing integration of DRR and
CCA, both at horizontal and vertical levels of governance. This is
not a simple task, however, and as shown in this paper, major
challenges include the fact that while the international commu-
nity is struggling in breaking the historical separation of the two
fields in its guidance and financial support, also at the national
level the existing government structures face reservation regard-
ing their capacities and legitimacy to support the process of in-
tegration. Furthermore, sectorial governance demonstrates in-
adequate commitment and capacity toward integration. To over-
come these obstacles, recommendations for national level gov-
ernmental stakeholders related to horizontal and vertical in-
tegration and implantation are provided. Due to the similarities of
the SADC countries, recommendations may be particularly re-
levant for other SADC countries.
Our first recommendation is to develop a horizontal CCA and
DRR integration strategy for the policy formulation and im-
plementation phases to avoid the creation of overlapping policies and
to identify the responsibilities of different stakeholders; as a long-
term goal a single CCA and DRR policy should be developed. In
Zambia, it would have been beneficial if a horizontal integration
strategy had been developed in an open manner involving all re-
levant stakeholders prior to the policy formulation and revision
processes. However, even after the possible adoption of the cur-
rent parallel policies, a horizontal integration and implementation
strategy should be created in order to avoid problems related to
the potential parallel structures. The strategy should guide the
coordination of CCA and DRR processes at national and local levels.
At this point, as the policy process is at the decision stage, two
possibilities exist. To avoid the creation of parallel, overlapping
structures and to guide governance from national to community
level if parallel institutional structures are established, a) the legal
mandate of DMMU regarding its role in disaster management, DRR
and CCA should be (re-)defined ; b) a legal status to the National
Climate Change Development Council should be set; and c) a
platform for inter-ministerial and agency communication should
be established. If parallel institutional structures are not estab-
lished, the authority and mandate to develop and implement CCA
and DRR policies and measures should be given to an agency or
government body with the best potential expertise and capacity to
coordinate CCA and DRR matters within the national development
goals from the national to the village level; and a platform for
inter-ministerial and representation within the chosen agency or
government body should also be established.
Our second recommendation is to develop a strategy for the
vertical integration of CCA and DRR policy objectives to avoid po-
tential goal-conflicts between the objectives of CCA and DRR and
sectorial development policies, strategies and policy implementation
instruments and to guide sectorial policy formulation and im-
plementation. The impacts of natural hazards and climate change,
and the importance of CCA and DRR for natural resources and
economic sectors should be analysed, and the priorities between
these and development objectives need to be defined. Existing and
future sectorial legislation should be screened to ensure that po-
tential goal-conflicts are minimised. Intra-ministerial commu-
nication structures to communicate CCA and DRR issues within
sectors should be developed.
Our third recommendation is to establish clear, research-based
guidelines on integrated DRR and CCA policy implementation and
ensure long-term resources. To address the knowledge gap on
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climate change and its impacts, and to increase the development
and implementation of integrated DRR and CCA instruments, a)
basic climate change research should be funded; b) the capacity of
DMMU to undertake situational and vulnerability analyses which
incorporate natural hazards and climate change aspects should
be built, and c) instruments to build the capacity and conceptual
understanding of CCA and DRR at all governance levels should
developed and implemented.
Last, to increase the long-term sustainability of policy im-
plementation, a) strategies to decrease reliance on external project
funding should be created, b) coordination and collaboration
platforms for natural resource management sectors to improve the
development and implementation of CCA and DRR measures
should be developed, and c) possibilities and potential benefits of
Eco-DRR & EbA measures and increased resources for sustainable
forest management in hazard-prone areas should be analysed.
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Appendix A. Stakeholders (category and alphabetical order)
Government
Climate Change Secretariat
Disaster Management and Mitigation Unit (DMMU)
Forestry Department
Ministry of Agriculture
Ministry of Finance and Planning
Ministry of Land, Natural Resources and Environmental Protection
Ministry of Mines, Energy and Water Development/Department of Water Affairs
The Water Resources Management Authority
Zambia Meteorological Department
Cooperating partners
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH
The Embassy of Finland
United Nations Development Programme
Deutsche World Food Programme (WFP)
Civil Society Organisations (CSOs)
Green Living Movement
OXFAM
World Wildlife Fund of Zambia
Zambia Climate Change Network
Other
African Carbon Credit Exchange
Centre for Energy, Environment and Engineering Zambia
Appendix B. Policy documents
CCA and DRR documents
National Adaptation Plan of Action 2007
National Climate Change Response Strategy 2011 (final draft)
National Policy on Climate Change 2012 (final draft)
National Disaster Management Policy 2005
Disaster Management Act 2010
Revised Draft Disaster Management Operations Manual 2013
National Meteorological Policy 2013
2010 Comprehensive Vulnerability Assessment and Analysis Survey
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Sectorial documents
National Agricultural Policy 2013 (final draft)
National Forest Policy 2014 (final draft)
The Water Resources Management Act 2014
General Government Documents
 Revised Sixth National Development Plan 2013–2016 (stake-
holder draft from 2013)
Appendix C. DRR and CCA in the existing legislation in the agriculture, water resources management and forestry sectors
Legislative
document







No principles referring to DRR or CCA;




The purpose of the national food re-
serve shall be to, inter alia,
1. meet local shortfalls in the supply of
a designated commodity;
2. meet such other food emergencies
caused by drought or flood, or by
such other natural disaster, for the
purposes of this Act, as may be de-
clared by the President;
Subject to subsection (2), the [Food
Reserve] Agency may sell any desig-
nated commodity in the national
food reserve to meet other food
emergencies caused by drought,






water is a basic human need and as
such domestic and non-commercial
needs shall enjoy priority of allocation
use; water resources shall be managed
in such a manner as will help combat
malaria and other waterborne diseases
in order to ensure access to safe water;
efforts to create wealth shall be re-
flected in all decisions made in relation
to the use of water water resources
management and planning shall con-
tribute to the eradication of hunger and
poverty and this shall be reflected in all
decisions made in relation to the use of
water, in particular, the right to use
water for domestic and noncommercial
purposes shall not be under any permit
or attract, any charge for its use the
management, development and utilisa-
tion of water resources shall take into
account climate change adaptation
WRMA [Water Resources Manage-
ment Agency] shall ensure, in colla-
boration with the Ministries re-
sponsible for community develop-
ment, finance, commerce, agri-
culture, fisheries and livestock, youth
and child development and disaster
management and mitigation, that
the management and planning of
water resources contributes to the
eradication of hunger and poverty;
WRMA [Water Resources Manage-
ment Agency] shall conserve, pre-
serve and protect the environment,
in particular, wetlands, quarries,
dambos, marshlands and head-
waters and take into account cli-
mate change and the challenges





No principles referring to DRR or CCA;
see text for the implications.
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A B S T R A C T
Disaster risk reduction (DRR) and climate change adaptation (CCA) literature has traditionally focused on the
countries and regions hit hardest by natural hazards. In this paper, we take a different perspective by turning our
eyes upon Finland, a Nordic welfare state and a low vulnerability and exposure society. We analyse and discuss
how well the existing DRR and CCA approaches reflect the perspective of the least vulnerable countries and
whether the current ways of determining vulnerability and exposure neglect some risks or hinder the seizing
opportunities brought by climate change.
This paper is based on data gathered in a survey, interviews and workshops in two research projects which
analysed weather and climate related risks in Finland. We conclude that disaster risk assessments need to be
contingent and account for social and economic contexts. In an institutionally well-functioning welfare society,
vulnerability assessments should emphasize relative changes in perceived social trends and social cohesion.
Exposure should not be limited to direct geographical or physical exposure to local natural hazards. Successful
opportunity identification can help improve DRR at home and abroad. In general, the role of political systems
and culture as enabling factors for DRR and CCA need further study.
1. Introduction
“An ounce of prevention is worth a pound of cure.”
The words attributed to Benjamin Franklin are as relevant today as
they were in the 18th century; the complex and interlinked risk land-
scape that the modern world faces requires holistic, comprehensive
approaches to reduce and manage these risks. Disaster risk related to
weather and climate is one of the many risks faced by communities,
societies and states. The climate is changing, exposing people to its
impacts across the globe [37]. To make matters worse, this develop-
ment takes place in a world which has by no means dealt with the
natural hazards and disasters of the current climate (see e.g. [10]). As
indicated by Franklin, and shown in many, although not in all cases,
there is even economic rationale to act prior to the occurrence of major
impacts [4,76]. This requires effective and efficient governance; i.e.
policies and measures, and in many cases, transformative changes in
societies to reduce the impacts of natural hazards and the changing
climate.
Traditionally, the literature on disaster risk reduction (DRR) and
climate change adaptation (CCA) has focused on the places hit hardest
by weather and climate. This is no surprise, as it is only natural that the
most relevant context for studying DRR or CCA are those where natural
forces create disasters or where CCA challenges have already arisen. For
example, in the articles published in the International Journal of
Disaster Risk Reduction, the ten most frequently analysed countries
comprise over half of all the country specific studies1; and none of the
countries are European. Furthermore, in many studies, focus is placed
on local or regional cases, and the role of national, state level govern-
ance is excluded or overlooked.
How, then, do DRR and CCA look from the perspective of a country
that has not suffered any large-scale disasters triggered by natural ha-
zards in the recent past, yet is constantly adapting to its challenging
weather and climate conditions? What does adaptation entail when
undertaken by the ‘least vulnerable’? In this paper, we present an ex-
ploratory case on DRR and CCA in Finland; an EU Member State that is
https://doi.org/10.1016/j.ijdrr.2017.12.004
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wealthy and stable2; has well-functioning governance structures; has a
small population of 5.5 million people [79]; exhibits strong Nordic
welfare state structures [20,59]; is not located in a hazard-prone area;
and has a comprehensive approach to societal security. Finland can be
seen as an example of a country where post-World War II development
has also been a story of successful adaptation to climatic extremes and,
so far, to climate change. This is confirmed by international indicator-
based country comparisons on vulnerabilities. Samson et al. [73],
Standard & Poor's [78] and Notre Dame Global Adaptation Initiative
[56] all rank Finland among the countries least vulnerable to climate
change.
Even though Finland does not face major natural hazards, such as
cyclones or major flooding, the country has not always been immune to
disasters triggered by weather and climate. In 1866–1868, an estimated
8% of the Finnish population perished in a famine triggered partially by
adverse weather [92]. Strict public regulation, societal progress and
major investments in ensuring that all vital societal functions work in
exceptional situations have resulted in a country where natural hazards
do not turn into disasters, and where climate change may actually bring
beneficial opportunities if successfully harnessed [60].
The aim of the paper is two-fold:
1) to describe the Finnish model and the role of governance and society
for DRR and CCA; and
2) to analyse and problematize the existing frameworks that guide—or
are designed to guide—the theoretical and practical fields of DRR
related natural hazards and CCA through the findings from the case
description.
This paper is not the first to analyse the role of societal structures
and governance in DRR and CCA. For instance, Alexander and Davis [2]
suggest five factors that constitute as ‘the elephant in the room’ in DRR
publications and gatherings: the human right to hazard information;
explosive population growth, corruption, how people are placed at risk
by the actions of governments; and gender discrimination. This is
complemented in the Global Assessment Report on Disaster Risk Reduction
2015 ([86], p.254) as follows: “The governance of disaster risk is never
autonomous from the quality of governance in general. Strengthening
the quality of overall governance is therefore critical to strengthening
the governance of disaster risk”. However; Nordic countries, where the
level of societal progress is high and rather equal among citizens, and
the relative disaster impacts are low, are often forgotten in the litera-
ture. Alexander and Davis [2] discuss the importance of governance for
donors and international agencies in development context, and UNISDR
[86] focuses on countries with major disaster losses. Adaptation deficit
[9] describes the lack of adaptation capacity that many low-income
countries face in front of climate change due to political, institutional
and technological reasons (e.g. [8,18,23])
We argue that there is value in bringing a new perspective in the
discussion by analysing DRR and CCA in Finland for two reasons: First,
the current literature covers a seemingly narrow geographical scope.
Second, analysing DRR and CCA from a fresh perspective, by presenting
a success story, can reveal novel thoughts on DRR and CCA and help to
further improve the concepts. The implications of the Nordic structures
to the disaster risk management and resilience are also explored in
Pursiainen [65] and van Well et al. [89] in this issue.
The role of national level—and in the European Union (EU) su-
pranational level—governance is crucial in DRR and CCA. Over the past
decades in Europe, disasters and climate change have been politically
addressed through various policy initiatives and extensively studied in
EU-funded research programmes. The Union Civil Protection
Mechanism (UCPM) from 2013 [14], The Floods directive [15] and the
EU CCA strategy from 2013 [13] are all EU-level policies which aim at
improving Member States’ prevention and preparedness for extreme
hydro-meteorological events and climate change. For instance, the
UCPM requires all Member States to undertake national risk assess-
ments every three years; the Floods directive requires the creation of
flood hazard and risk maps; and the CCA strategy encourages all
Member States to develop national CCA strategies, which has been
accomplished by nearly all member states by 2017 [16].
Thorough research and strategy work on CCA has, however, also
been pointed out as a potential source for complacency. Indeed, even if
CCA strategies are in place and sectoral impacts are known, it does not
guarantee that they result in effective adaptive policies or actions [57].
Integration of CCA into other policies and practices—so called main-
streaming—is considered a necessary enabler for effective adaptation to
climate change [17]. Biesroek et al. [6] argue that institutional chal-
lenges can hinder CCA in Europe and more recently, Eisenack et al. [17]
argue that such barriers are still retarding CCA efforts.
Despite mostly overlapping goals and measures, DRR and CCA are
for the most part two distinct governance and research fields
[63,7,77,84]. This is also the case in Finland, and therefore, we con-
sider it both justified and useful to review DRR and CCA hand in hand
but as distinct policy and governance processes. Section 2 describes our
research design and methods and Section 3 describes the case study
context; the social and physical characteristics and our findings about
the DRR and CCA processes. In Section 4 we discuss the implications of
the case to the frameworks used within DRR and CCA. Section 5 pro-
vides concluding remarks.
2. Research design
2.1. Key frameworks and concepts
Two parallel, yet partly overlapping risk frameworks are typically
used in the disaster and climate literature to explain the weather and
climate risks faced by communities and societies.
The Intergovernmental Panel on Climate Change [36,37] con-
ceptualizes disaster risk as determined by vulnerability, exposure and
weather and climate events, or more broadly natural hazards. Vulnerability
refers to the propensity to be adversely affected by the hazards, ex-
posure is the presence of people, livelihoods, resources, environmental
services or any other assets of value in places that can be affected, and
weather and climate events or natural hazards are the physical phe-
nomena that can be potentially dangerous or harmful.
A more comprehensive model to understand weather and climate
risk is the so-called Pressure-and-Release (PAR) model described in
Wisner et al. [94]; which, similarly to the framework in IPCC [37,36],
presents vulnerability as a component in disaster risk, yet describes
vulnerability as consisting of three parts: root causes, dynamic pres-
sures and unsafe conditions. Wisner et al. [94] focus on least developed
countries in their examples of PAR as a practical analytical tool; how-
ever, Rauken and Kelman [68] use the model to analyse the root causes
behind river flood risk in Norway. They find that the political system;
distribution of power and responsibilities, and the economic system
with a focus on economic growth without addressing the flood risk are
the root causes behind river flood risk.
As noted by e.g. [1, p. 21], the concept of vulnerability “cannot be
separated from the social and cultural conditions under which it exists”;
any indicators of vulnerability, and thus risks need to be contingent and
take into account the social and economic context of the unit of ana-
lysis. One very particular context to study risks and vulnerabilities is the
welfare state system, which, according to Esping-Andersen [19] his-
torically has aimed at equal opportunities to individuals and elim-
inating social risks across the life cycle.
According to the traditional categorization by Esping-Andersen
[20], the Nordic welfare state model is based on a social democratic
ideology and built around the central role of state in providing security
and welfare such as social, educational and health services. Social2 http://fundforpeace.org/fsi/ [Accessed 8.12.2017].
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benefits are available to all members of society and the main me-
chanism supporting social security and ensuring equality is progressive
income transfer. Particular examples of equal welfare services are
uniform child and childcare benefits for all and free primary to tertiary
education.
2.2. Methods
The research approach used in this study is explorative (see [83],
5–9); instead of constructing an empirical study with robust evidence,
we aim to contribute to the literature by constructing a fresh viewpoint
and discussing its implications. By presenting and analysing the case of
Finland adapting to climate change and reducing disaster risk, we aim
to bring about interesting observations of DRR and CCA processes and
frameworks in general. Two research questions guided our work: 1)
How well do the existing DRR and CCA approaches reflect the per-
spectives of the least vulnerable and exposed countries? 2) Do the
current ways of determining vulnerability and exposure undermine
some climate or disaster risks or hinder the seizing of opportunities
brought about by climate change?
The case study is built on data gathered in two research projects,
one Nordic and one Finnish. The collaborative Nordic research project
undertaken within NORDRESS Centre of Excellence on Resilience and
Societal Security3 analysed the institutional foundations of natural ha-
zard management within Nordic countries (for more detailed descrip-
tion, see [32]). This study gathered views of experts working with DRR
and CCA through an online survey (47 responses), semi-structured in-
terviews (8 interviewees) and a two-day expert workshop (15 partici-
pants). In addition, a broad desk study was conducted in which grey
literature, legislation and official guiding documents defining DRR and
CCA processes within the Nordic countries were reviewed. The final
outcome of the study was a comparative analysis of the similarities and
differences within these processes and related institutions in Denmark,
Finland, Iceland, Norway and Sweden. The data was collected in 2015
and 2016.
The Finnish project analysed various aspects of weather and climate
risks in Finland under the Government's analysis, assessment and re-
search activities (see [30]). The ELASTINEN4 project was structured
around multiple parallel analyses, and data were collected using var-
ious methods. For this paper, the most relevant data was collected in an
online survey, seven interviews and a workshop. The online survey
covered perceived weather and climate risks, use of weather and cli-
mate information and improving preparedness. The survey was aimed
at Finnish organizations in general and received 118 responses. Ana-
lysis of the responses for a similar survey targeted at municipalities is
reported in Räsänen et al. [67]. The workshop was held in January
2016, had 42 representatives of different private and public stakeholder
organizations and consisted of interactive sessions that aimed to vali-
date and complement the results of the online surveys and collect views
on how to improve climate risk management tools and information
services in Finland. The interviews were held with experts working on
flood risk management and CCA in Helsinki, the capital of Finland.
In addition to the observations and conclusions made in these pro-
jects, the case description and analysis was complemented by available
literature and statistical data. All three authors have also been involved
in various DRR and CCA research projects, consultations and interac-
tion events in Finland, and use their personal experiences in forming a
consistent case description out of fragmented and diffuse data available.
In our case study writing, we include references when presenting exact
claims or relevant conclusions from earlier literature; otherwise the
claims are based on our interpretation of the data and observations
collected within the two projects.
While some of the conclusions are based on quantitative data, our
study is mostly based on qualitative research. It follows loosely the so
called “Gioia Method” [29,49] in choosing a single case for its re-
velatory potential and aiming for conceptual contribution instead of
theory development. As a case study, it is exploratory and intrinsic in
nature but with some descriptive elements (see [5]). The intent is not to
achieve generalizations beyond the limited frame of Nordic welfare
states or to evaluate specific policies nor to validate premeditated hy-
potheses. Instead, we aim at constructing a revealing and interesting
case that provokes new ideas and discussion on how DRR and CCA can
and should be approached.
3. Finland - a country without weather and climate risk?
3.1. Disaster risk
Finland is located in North-Eastern Europe. Together with Denmark,
Sweden, Iceland and Norway, it is one of the Nordic countries. The
climate is challenging for primary production and logistics, and without
modern technology and good governance, food production would most
likely be disaster-prone. The worst famine in Finland's history occurred
approximately 150 years ago, and resulted in the death of estimated 8%
of the population and was the result of long-term societal, economic
and political factors, which were exacerbated by rainy summers and
frost in September 1867 [92]. However, considering the vulnerability,
hazard and exposure aspects, one could summarize that nowadays,
because of the welfare state characteristics with high social cohesion,
trust, equality, relative wealth, and mild natural hazard levels com-
pared to other countries, Finland is a country with low weather and
climate risk.
The damages from natural hazards that have occurred in recent
years demonstrate the country's relatively low weather and climate risk
level. As an example, cyclone Gudrun which hit Denmark, Sweden and
Estonia in January 2005 resulted in 75 million m3 of fallen forest in
southern Sweden,5 whereas the largest recorded forest damage in Fin-
land has been approximately 8.1 million m3 in 2010, caused by four
consecutive extra-tropical cyclones in the summer 2010. Between 2011
and 2015 in Copenhagen, Denmark, major urban downpours have
caused total economic damage worth approximately 1.2 billion euros
[12], whereas the flood caused by heavy rains in the city of Pori in 2007
damaged buildings and infrastructure, and resulted in estimated costs
of 22 million € [11].
3.2. Climate
In global comparison, natural hazards are rather modest, and none
of the geophysical characteristics can be described as extreme. The
earthquakes are rarely above 2 in magnitude [35]. Finland lies far from
volcanic hot spots and the edges of the Eurasian tectonic plate: there are
no volcanoes and the miniscule earthquakes can only be detected using
sophisticated technical equipment. Slopes are low and gradual and thus
limit gravitational flows, although avalanches are not completely un-
heard of in the low mountains in Lapland [74]. The climate is a mix of
continental and maritime climate and in general more continental
compared to the rest of the Nordic countries [25,26]. It can be char-
acterised by high variability in seasonal climatological cycles and high
climate variability [64]. More specifically, five climate zones are
identified following the Köppen climate classification (the impact of
temperature and precipitation on vegetation): hemi-boreal, south-
boreal, middle boreal, north-boreal and subarctic [26]. Storms are most
frequent in late autumn and winter when they are driven by major
3 NORDRESS (Nordic Centre of Excellence On Resilience and Societal Security) http://
nordress.hi.is/ [Accessed 8.12.2017].
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depressions, but they can take place throughout the year [40]. Storm
winds also occur during convective thunderstorms mostly in summer
months. The absolute wind speeds in these storms are again modest in
international comparison. There are, for instance, no known instances
of hurricane level wind speeds over 33 m/s at least as long as modern
observations have been made [28].
The discharge of the free running rivers is small in comparison to for
instance the big rivers in central Europe and while they can cause
fluvial flooding, the severity of these events is low on an international
scale. Yet floods do happen, and the seasonal discharge patterns are
projected to change in the future, which will also affect flooding [90].
Finland has already witnessed warming in its climate during the last
150 years [51], and the future warming is expected to be significantly
higher than the global average [51,70]. In general, the climate will get
wetter and hotter. Winter months warm the most, and winters become
moister, cloudier and less snowy [69]. Sea level rise on the coast is
partially compensated by the residual land mass uplifting still following
the loss of ice cover from the last ice age. Yet, the projections show that
sea level will rise by the end of the century by 29 cm in the Gulf of
Finland, while in the Bothnian Sea and Bothnian Bay the change is −
5 cm and − 27 cm, respectively, due to the landmass uplift [38].
3.3. Governance of weather and climate risks
Finland has been an active participant in the international co-
operation within the United Nations International Strategy for Disaster
Reduction (UNISDR). Finland had a high profile in the development of
the Hyogo Framework for Action [88]. Domestically, Sendai [87] and
Hyogo frameworks have resulted in co-operation networks between
authorities and Finland has prepared extensive reports on its DRR ac-
tions [32]. In 2016, the 7th annual meeting of the European Forum for
Disaster Risk Reduction in was organised in Helsinki as Finland was the
European regional chair. Three important outcomes, which were also
mentioned by Finland at the Global Platform on Disaster Risk Reduction
held in Cancun 24–26 May 25, 2017 were:
"First, we need a stronger engagement by political leaders and decision
makers in moving forward the DRR agenda and Sendai Framework
implementation. Second, we need strengthened coherence and mutually
reinforcing implementation between the Sendai Framework and other
recent international agreements and processes, including the 2030
Agenda for Sustainable Development, the Paris Agreement on climate
change and the New Urban Agenda - not only in theory but also in
practice. Third, we need reliable reporting mechanism based on agreed
terminology and indicators".
Yet, the national governance structures are more complex than
implied by the statements in international fora. DRR and CCA govern-
ance follows the internationally witnessed separation of the DRR and
CCA fields, as shown in Fig. 1. The Ministry of the Interior, responsible
for civil security and safety, has a coordinating, rather than com-
manding, role in emergency situations and it acts as the national focal
point for DRR. The Ministry of Agriculture and Forestry is responsible
for CCA coordination.
The main DRR governance principles are self-sufficiency, which
refers to the idea that the responsibilities and roles of authorities, or-
ganizations and individuals are the same in both normal and excep-
tional conditions (i.e. there is no national civil protection agency that
would take control in disaster situations); and locality, which comple-
ments the idea of self-sufficiency (i.e., disasters are managed on the
lowest possible level and only if escalated). The National Risk
Assessment 2015 [55] assesses six events that have a major impact on
society and 15 events that have serious regional impacts. Nine of these
events are directly or indirectly related to weather and climate:
– serious disturbances in electricity distribution due to e.g. storms,
– information security risks due to e.g. storms or floods,
– solar storms,
– rapid flooding in or near the population centre,
– large marine accidents due to e.g. harsh winter navigation condi-
tions,
– multiple simultaneous extensive forest fires,
– extensive or long-lasting disturbance of water distribution due to
e.g. storm,
– winter storms including long frosty periods,
– thunderstorms.
From a holistic risk reduction perspective, threatening weather and
climate risks are included in the Security Strategy for Society [75],
given as a Government Resolution and coordinated by the Security
Committee. The Security Strategy describes the roles of different na-
tional entities in the face of disasters, and is based on a holistic cross-
sectorial viewpoint, emphasizing vertical and horizontal responsi-
bilities. Together these principles mean that DRR is quite polycentric
and the responsibilities are distributed to various authorities on dif-
ferent jurisdictional levels. All ministries, and the Prime Minister's Of-
fice, the National Emergency Supply Agency,6 six Regional State Ad-
ministrative Agencies, 22 rescue departments, the 317 municipalities,
as well as several national agencies and institutes, and the civil society
have important regional or national roles in DRR during normal and
exceptional circumstances.
This arrangement was described as a “mess” in one of our work-
shops. However, the complex and decentralized organization of DRR
has been compensated by co-operative and coordinating measures. As a
result, there is little overlap in responsibilities or capacities of different
authorities, although the chains of command and operative procedures
can turn out to be complex during an exceptional event. Finnish au-
thorities also a have long tradition of co-operation between different
sectors as well as the private sector, that stems from cold-war era civil
defence preparedness. This idea of total defence, based on the concept
of comprehensive security, is unique in international comparisons [34]
and has provided continuity in national preparedness policies despite of
the collapse of the Soviet Union [48,65].
The ‘messiness’ is not reflected in the survey on the management of
global risks conducted by the World Economic Forum for their 2013
Risk Report ([93, p. 66]), where 36 ‘top managers’ from Finland were
asked to assess their “national government's overall risk management
effectiveness of monitoring, preparing for, responding to and mitigating
against major global risks”. In the survey, Finland ranked 9th out of 139
countries surveyed, indicating that the government is considered to be
well capable of managing the risks faced by Finland.
The Ministry of Agriculture and Forestry has ensured that, if mea-
sured by national level strategy work, Finland can be considered a CCA
pioneer [40]; as witnessed by the first national adaptation strategy in
Europe in 2005 [54]. Finland and Denmark are forerunners in Nordic
CCA, in that they both have explicit requirements for CCA in their land
use planning legislation, whereas the other three Nordic countries do
not [32].
The revised National plan for Climate Change Adaptation 2022 was set
in 2014 as a governmental order [53], and sets three overarching goals:
a) mainstreaming adaptation, b) providing necessary climate risk as-
sessment and management tools, and c) improving adaptive capacity,
creating innovative solutions and increasing public awareness with
research and development, communication and education. These goals
are pursued by 14 actions, each of which consists of a set of more de-
tailed actions with assigned responsibilities and resources [53]. Al-
though opportunities are brought up, alongside risks and indirect im-
pacts, the general tone of the strategy is quite conventional. It describes
a general process of climate risk management where changes and risks
are identified, the risks are assessed according to their likelihood and
6 https://www.nesa.fi/ [Accessed 8.12.2017].
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impact, and solutions are developed accordingly.
Two challenges regarding effective CCA implementation have been
identified. Finland, among other Nordic countries, has been a fore-
runner in CCA research [46]. However, Klein and Juhola [46] point out
that there has been a gap between research and putting policies into
practice. This gap results from the distance between the theoretical
concepts and the reality of decision-making, uncertainty of information,
scale mismatch between climate information and actions, prioritization
of current variability and short-term decisions; in contrast to the
medium- to long-term perspective of adaptation research, and forget-
ting the fact that CCA is only one of many stakeholder concerns and
seldom the most salient [46]. This challenge was confirmed by the
observations from our projects as well.
Another challenge stems from bridging national and regional and
local adaptation actions [42]. National high-level strategies have had
limited impact on the regional and municipal levels where the lack of
skills and resources hinder the implementation of actions. Juhola et al.
[42] describe how regional climate work is almost completely project-
based and relies on external funding. The same point was made in a
workshop held in the ELASTINEN project. Stakeholders from both
public and private organizations expressed their frustration on endless
stream of projects and hoped to see continuous work toward holistic
CCA. Thus, without resourcing or new arrangements of responsibilities,
the goal of CCA mainstreaming is difficult to achieve.
The integration of DRR and CCA is currently taking place at re-
search level, as the national weather and climate risk assessment
commissioned by the Prime Minister's Office considers extreme weather
events and longer-term changes in the Finnish climate. Integrating DRR
and CCA into other global policy contexts, such as the Sustainable
Development Goals, however, remains to be seen.
3.4. The Nordic welfare model and vulnerability reduction
From vulnerability perspective, Finland is well prepared to face the
impacts of extreme weather events and climate change. The GDP per
capita was approximately 39,000 euros in 2016 [80], ranking 8th
within the European Union [22] and Finland is, for instance, the 8th
best performing country according to the Better Life Index of the Or-
ganization for Economic Co-operation and Development.7 The economy
relies mostly on services: 70.2% of value added as proportion of gross
value added comes from services, 27.1% from secondary production
and 2.7% from primary production (preliminary statistics for 2016)
[80]. Due to its broad social security and public services, Finland can be
considered a welfare state, and more specifically a Nordic or Scandi-
navian welfare state [66].
The Nordic welfare state expresses itself in various ways within the
economy and society. Equality in income distribution, high institutional
trust and high level of education are all general characteristics of
Nordic welfare states. The income distribution is in global comparison
quite flat; the most recent Gini coefficient was 0.257, 5th lowest in the
OECD countries.8 Finns have in general high levels of trust for each
other, the political and legal systems and the authorities; levels of trust
to all of these are high in international comparison, and in some of them
Finland ranks on top [47]. Finland is a top scorer in the yearly Cor-
ruption Perceptions Index by Transparency International; in 2015 it
was the third least corrupt country in the world after Denmark and New
Zealand.9 Finns are also quite highly educated, with 71% of population
over 15 years of age holding a degree beyond primary schooling [81].
The population is fairly homogeneous as only 4% of inhabitants are
foreigners and 90% of the population speak Finnish as their native
language and almost 86% of the population live in cities or towns [82]
Urbanization is progressing further quite rapidly. According to the
Gender Inequality Index measured as part of the Human Development
Index of the United Nations Development Programme, in 2015 Finland
ranked 8th most gender equal country in the world [85]
The public has a high trust in the ability of the society to recover
from disasters, and Finns are willing to help each other and provide
volunteer aid in disasters. Households consider themselves well pre-
pared for disasters or contingencies in general, but there is a significant
difference in preparedness between rural and urban populations; the
former are better prepared [50].
3.5. Examples of implementation
Not only is the entire welfare state structure and the dispersed
governance system based on the idea of ‘comprehensive security’, but
specific, integrated DRR and CCA measures have been designed and
implemented since 2000.
A good example of a highly effective, although not necessarily
economically efficient, DRR and CCA integration is the amended
Electricity Market Act 2013 [71]. The Act was partly a response to the
long, regional power outages caused by winter and summer storms, and
is a good example of a national level response to regional challenges.
The Act poses strict requirements on the length of electricity blackouts;
Fig. 1. CCA and DRR governance levels and examples of governing bodies and guiding frameworks in Finland.
7 http://www.oecdbetterlifeindex.org/#/11111111111 [Accessed 8.12.2017].
8 http://www.oecd.org/social/income-distribution-database.htm [Accessed
8.12.2017].
9 http://www.transparency.org/cpi [Accessed 8.12.2017].
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in rural areas (excluding premises without permanent residents),
blackouts shall not last over 36 h, and in urban areas, blackouts shall
not last over 6 h. If these thresholds are not met, the electricity dis-
tribution companies have to pay heavy compensation to their custo-
mers. The transition period lasts until 2029, and mid-term goals have to
be reached by 2019 and 2023. This has led to a situation where many
electricity distribution companies are required to improve the relia-
bility of their networks, mainly through converting traditional air-cable
lines into underground cables. However, a cost-benefit analysis of the
enactment of the Act shows that the electricity companies enforced the
law by the installation of ground cables and the economic feasibility of
the law enactment varies according to the discount rate. With a 3%
discount rate the benefits are greater than the costs, whereas with 5%
discount rate the benefits are smaller than the costs. This highlights the
fact that in the Finnish context, where disaster risk is in many ways
under control, large investments in DRR and CCA are not necessarily
economically efficient. [61]
An example of a well-functioning multi-sectoral, integrated DRR
and CCA activity is the early warning service LUOVA [27]. Launched in
2012, it is used to distribute natural hazard and early warning in-
formation to the highest government officials and all security autho-
rities. In addition, more limited announcements are available for a
broader range of subscribers. LUOVA is maintained by the Finnish
Meteorological Institute while warnings are also prepared by the Fin-
nish Environment Institute and the Seismologic Institute within the
University of Helsinki. The hazards are monitored both in Finland and
abroad to be able to safeguard Finns and the interests of Finland
globally. LUOVA is an operational early warning system to enable ef-
ficient preparedness and response in the face of an emergency situation.
Therefore, it does not directly include climate change information or
scenarios. However, early warning systems are an efficient way of re-
ducing also the impacts of climate change in the face of projected
changes in extreme weather events and, for instance, related to chan-
ging winter driving conditions [62]. Another similar DRR and CCA
measure is the Flood Centre, jointly operated by the Finnish Meteor-
ological Institute and the Finnish Environment Institute. The purpose of
the Flood Centre is to forecast and warn of impending flooding situa-
tions to authorities, and residents and businesses in flood-prone areas.
The prioritization of CCA actions seems, however, to be one of the
key challenges both in private and public Finnish organizations. Spatial
planning is perhaps the activity where CCA mainstreaming has been
developed the furthest; as there are clear regulations or at least non-
binding guidance on managing flood risk, including storm water and
sea level rise [91]. In largest cities, resources are not an issue as there is
expertise to properly design adaptation. Still, other priorities such as
housing targets or other economic drivers result in changes that hinder
the planned adaptation when spatial plans are implemented or when
areas are maintained.
3.6. Risk perception
The relatively low risk-level is also reflected in the risk perceptions.
While flooding and storms are considered potentially harmful by
households [50], the likelihood of problems created by extreme
weather and climate events is considered low [44]. In the ELASTINEN-
study, organizations considered weather and climate risks on average as
relatively small—but not insignificant—compared to all risks in general
[31]. Furthermore, the study found that heavy rains, flooding and
storms were the main hydro-meteorological concerns of the respondent
organizations that included both public and private sector entities
across the country. When looking to the future, organizations con-
sidered extreme events as a more significant threat than gradual
changes in climate. The idea that climate change is not a direct threat to
society seems to be reflected in risk perceptions too. Finns are among
the least worried Europeans when it comes to climate change [21] and
in the organizational survey, a majority of the ELASTINEN-study
respondents considered climate change to create positive impacts or
benefits, such as new business opportunities or improvement in relative
competitiveness [31].
Despite of, or perhaps due to, the challenging climate that the
businesses operate in, low priority of CCA shows as low awareness.
While awareness of climate change mitigation and the importance of
corporate social responsibility may be on the rise, CCA actions, beyond
fulfilling scattered regulations, have been rare among Finnish en-
terprises. Furthermore, low demand for CCA related climate informa-
tion or services has been witnessed. From business perspective, CCA
does not stand out as a distinct activity but has instead merged within
other risk management processes. According to the results of the
ELASTINEN survey [31], the lines between climate change adaptation
and mitigation are also blurred in Finnish businesses, as globally sug-
gested by Okereke et al. [58].
The general consensus is that the expected climatic changes may
actually result in direct benefits to the economy. In agriculture, the
growing season becomes longer [60], the increased warmth and CO2
accelerates forest growth [45] and the need for space heating decreases
[43] It is not surprising that the wish for a more pleasant European
climate is a recurring joke in Finnish events or meetings focusing on
climate change. Yet things are not that straightforward. Less ice and
snow on the road can mean less accidents, but if these conditions come
even more as a surprise the risk of accidents may increase [72].
Moreover, the costs of maintaining the road infrastructure will probably
increase due to climate change [24]. Naturally, there are also concerns
of directly adverse impacts of climate change.
4. Discussion
4.1. The Finnish model – success story with looming unrecognised risks?
What can we then learn from the Finnish perspective on CCA and
DRR? The established IPCC framework that defines natural hazards,
vulnerability and exposure as the determinants of climate or disaster
risk does not reflect the Finnish situation very well. Objectively as-
sessed, all these factors and thus risks are low, and in international
comparison they are even lower. The physical reality is reflected in
organizational and individual perceptions; Finns do not feel threatened
by weather or changing climate.
Still, as described, Finnish climate can be challenging, and Finns are
for example able to manage snow and temperature conditions (e.g.
temperatures down to − 45° to − 50° centigrade in northern Finland)
that could be nearly disastrous in other societies. This DRR and CCA has
not, however, resulted from modern DRR and CCA policies but is more
a result of learning from experience, good governance and improved
adaptive capacity due to rising living standards and better technology,
which has been put to use with resolve. Yet, it is difficult to evaluate
whether Finland is well prepared and able to adapt to future challenges.
This is especially true for climate change which has the potential to
cause indirect risks, countering the potential local benefits of climate
change. As pointed out in O’Brien et al. [57]; Johannessen and Hahn
[38]; and Klein and Juhola [46], when climate risks are perceived to be
low, the resulting complacency might lead to inaction in adaptation
despite the theoretically high adaptive capacity. Based on our ob-
servations, this may be a very conceivable risk for Finland.
While it may be that the direct climate change impacts are not se-
vere compared to other countries, there are indirect mechanisms that
can cause harm and damage (see an overview for Europe in [16]).
Finland is economically, politically, socially and biophysically con-
nected to the rest of the world, and changes abroad will have ripple
effects here as well [33]. Naturally, the indirect impacts within a global
economy are likely to be mostly negative and can in some cases be more
severe than the direct ones [33]. Also, seizing the potential opportu-
nities requires active CCA. Broader environmental sustainability issues,
such as increased eutrophication due to increased agriculture, may also
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become an issue. Furthermore, the joint occurrence of natural hazards
and purely man-made risks (such as cybercrime etc.) may be an event
which is hard to assess from probabilistic perspective, but may well
pose a serious threat to the functioning of society.
The Finnish case enhances the notion that natural hazard, exposure
and vulnerability are highly context-dependant. In a welfare state with
low levels of absolute risks, a very straightforward interpretation of the
key DRR and CCA concepts can lead to policy work that does not guide
or connect to actions in practice. DRR and CCA frameworks can be
thought of as a spectrum, where very different situations between
countries should be reflected in risk assessments. There are countries
where the most threatening hazards are self-evident, exposure has clear
geographic and physical definitions and where economic welfare can be
used directly as a proxy for vulnerability. Finland as a Nordic welfare
state with low levels of natural hazards and exposure is not such a
country.
How do DRR and CCA then come together in Finland as a whole? A
fitting phrase to describe Finnish approach is “by the book”. Strategies
and policies are in place and they are developed according to up-to-date
views within the fields, emphasizing co-operation and integration of
DRR and CCA with each other and into other policy fields, broad de-
finitions of risk and focusing on prevention over damage control. In
parallel to this high-level strategy work, everyday operations linked to
DRR and CCA such as spatial planning, construction work and emer-
gency services are run and developed according to their short-term
learning cycles. Based on our observations, these two levels are—while
not completely separated—not always very closely interacting. It is
possible that society is highly adapted to current climatic variations and
disaster possibilities, but qualitative changes and new types of risks
might catch Finns by surprise, even if these risks could in principle be
anticipated.
This gap makes evaluating the effectiveness of Finnish DRR and CCA
difficult. Another complicating factor is the fact that there are no fre-
quent disasters or significant adverse climate change impacts. In this
sense, the Finnish DRR and CCA have not yet been put in a test, so it
cannot be stated whether they are in line with the risks or not. What is
lacking from the strategies though, is clear prioritization. The scale of
impact of different risks is however likely to vary significantly.
Does the case of Finland provide any lessons learnt for countries
where hazard and governance profiles are substantially different? The
transferability of the Nordic social welfare model is beyond the scope of
this paper, as the process of transferring institutional structures be-
tween states is complex and contingent in itself (see e.g. [69]); and
there has also been debate about the viability of the Nordic welfare
model in an increasingly globalised economies [3]. However, the gov-
ernance structures, social cohesion, well-functioning institutions and
relatively equal society are a direct reflection on the factors of the
‘elephant in the room’ by Alexander and Davis [2] and the UNISDR
[85]. In this paper, we show that by addressing these issues at gov-
ernance level provide major benefits in reducing weather and climate
related disasters prior to their occurrence.
4.2. Broadening the key concepts
Following the example of Finland, the key weather and climate risk
concepts; hazard, exposure and vulnerability, could be adjusted as
follows:
For vulnerability, relative changes in perceived social trends and
social cohesion should be emphasized. As we’ve seen we’ve the rise of
extremist and populist movements in Europe and the United States,
even a developed, growing and stable economy can start imploding if
large parts of society feel threatened or disempowered by future soci-
etal development. It does not necessarily matter whether or not the
perceived risks are real in any meaningful scale, as long as they are
perceived to matter. Such implosion may then threaten governance
structures and legitimacy and indirectly but significantly affect DRR
and CCA capacities.
Socio-economic vulnerability reduction should be key in reducing
people's and societies’ capacity to reduce and cope with extreme
weather events and climate change. The social welfare system, present
in the Nordic countries, can be considered as holistic vulnerability re-
duction in the sense that it provides people with the economic means to
cope with many of the risks that are present in modern life, not only
weather and climate related risks. This increases people's capacity to
function in exceptional situations and disturbances, regardless of their
origin. People have the economic means to live in resilient buildings,
and even in the case of loss of livelihood, the state takes care of one's,
and one's family's, basic needs. This can be complemented with a hol-
istic approach to infrastructure resilience, which according to
Pursiainen [65] is the approach in the Nordic countries which focus “on
vital societal functions rather than mere sector-based infrastructures” in
their approach to securing critical infrastructure from multiple threats.
Exposure and hazard should not be limited to direct geographical
or physical exposure to local natural hazards. Finns and Finnish orga-
nizations can be exposed to natural hazards, disasters and climatic
changes across the globe; therefore, a network view on exposure is
necessary.
Finally, the flip-side of risk should not be forgotten: Opportunity
identification might seem macabre when discussing disasters or cli-
mate change, but the benefits harvested in seizing opportunities can be
used to improve disaster risk management at home and abroad.
Here it should be noted that this study is exploratory and issue-
raising in nature. Our analysis is not detailed enough to give direct
advice on policy development. Instead we are promoting a more flex-
ible and effective approach to designing integrated DRR and CCA po-
licies. This calls for more research, both academic and practice-or-
iented, as well. A more nuanced scientific global risk assessment,
mapping and modelling of complex causal effects regarding disaster
and climate change impacts would clarify the global risk landscape and
improve assessments of the global costs of adaptation and postponed
mitigation. On a national scale, applied research on the scale and de-
terminants of different risks should be conducted with a broad per-
spective. Naturally, we are not the only or first ones to suggest this, but
we consider that our example of Finland shows that work remains to be
done.
5. Conclusions
DRR and CCA are global efforts that call for international co-op-
eration and increased integration at all levels of governance. Global and
international perspectives should not, however, blur the view of the
differences between countries and regions. Finland as a Nordic welfare
state with low natural hazard levels serves as an example of a certain
type of extremity with regard to DRR and CCA. We argue that the most
severe weather and climate risks for modern-day Finland may be in-
direct. Thus, the most cost-effective investments to improve prepared-
ness are likely to be ones that affect the root causes of these indirect
risks. On the opposite end of the spectrum, for a poor and natural ha-
zard prone country, direct investments in DRR and CCA capabilities
may be more efficient. However, good governance and functioning
institutions are a prerequisite to any such improvements and in prin-
ciple clear—if perhaps in practice very difficult—steps to improve the
situation: e.g. poverty reduction, improving administration, developing
agricultural practices and increasing awareness, exist. For a Nordic
welfare state with powerful institutions, high institutional and societal
trust, low levels of disasters despite challenging climate, and a high
level of capital and living standards, the path forward is less clear.
Regardless of whether the Nordic welfare state model or parts of it are
transferable, the analysis shows that the role of governance, as stated by
Alexander and Davis [2] and UNISDR [85] is crucial in reducing
weather and climate related disaster risk.
The complex nature of disaster risks and climate change calls for
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more research. Further analysis is required on the contribution of dif-
ferent welfare state regimes to successful DRR and CCA, and how the
changing cultures and governance regimes that are witnessed in the
Nordic countries at the moment contribute to changing weather and
climate risk. The role of political systems and culture as enabling factors
for successful DRR and CCA should also be further studied. Further
analysing the relation of contingent needs and conditions in comparison
to the general frameworks could yield tools for measuring DRR and
CCA resource efficiency. Altogether a more nuanced research approach
would support more effective DRR and CCA policies and improve our
conceptual and factual understanding of global risks. In addition to
increasing DRR and CCA integration, integrating both into other global
policy processes, such as Sustainable Development Goals, would be
beneficial in the long run. Research into these topics can support this
effort.
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Abstract
In this paper, we put forward a definition of over-adaptation in disaster risk reduction
(DRR) and climate change adaptation (CCA) projects. We detail an illustrative case in
which the response to extreme weather risk while aligned with the goals of CCA, is
implemented beyond the economically efficient scale. We undertake a cost-benefit anal-
ysis of the 2013 Finnish Electricity Market Act, enacted partially as a reaction to long,
storm-induced electricity blackouts experienced after 2000. The Act imposes strict re-
quirements on electricity distribution companies as regards the duration of blackouts.
Meeting these requirements entails investments amounting to billions of euros. As a
benefit, we quantify the avoided cost from the blackouts for households and producers.
Our results, derived from Monte-Carlo simulations, show that for urban areas, the net
expected value is positive. However, in rural areas less strict requirements could have been
economically more efficient. Our results indicate that distributional impacts and corre-
spondence between those who benefit and those who pay the costs should be taken into
account in DRR and CCA policies that require large-scale investments. We also note that
the population affected by a disaster may not accept DRR and CCA that are successful in
terms of regulation and implementation. This applies when societal and individual pref-
erences do not coincide.
Keywords Economic analysis . Electricity grid . Energy policy. Policy assessment . Public good
provision . Climate change adaptation
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Introduction
Economic Analysis of Disaster Risk Reduction and Climate Change Adaptation
Measures
Various measures have been implemented or proposed to reduce the impacts of extreme
weather events on, and the increasing threat of climate change to, communities, the economy
and societies, (e.g. Hallegatte 2009; Konrad and Thum 2014). The goal of such measures is to
reduce the exposure and vulnerability of people and assets to natural hazards and climate
change and thereby to mitigate their impacts (IPCC 2012). Both climate change adaptation
(CCA) and disaster risk reduction (DRR) are cross-cutting policy fields, implying that the
respective goals are seldom the only goals of a given sectorial policy or measure. For example,
in the public sector, DRR and CCA goals are pursued by first integrating relevant DRR and
CCA policy instruments into sectorial policies and then ensuring that the sectorial policy goals
are harmonised with the goals of DRR and CCA. (COM 2013; Rivera et al. 2015; Pilli-Sihvola
and Väätäinen-Chimpuku 2016).
From an economic perspective, there are several criteria for assessing DRR and CCA policy
instruments. The Potential Pareto Improvement (PPI) criterion states that the aggregate level of
benefits should exceed the costs (e.g. Freeman et al. 2014). A stricter criterion of Pareto
optimality requires optimality in the sense that the aggregate benefits of the policy instrument
are maximised by equating the marginal benefits to the marginal costs (e.g. Mendelsohn 2012).
Whether these criteria are met can be determined by using cost-benefit analysis (CBA). CBA
and cost-effectiveness analysis are traditional tools for determining the economic efficiency of
public sector policies and projects (Boardman et al. 2006; Smith et al. 2017) and they have also
been used extensively for analysing DRR and CCA measures (Shreve and Kelman 2014).
The aim of this paper is to analyse whether over-investment in DRR and CCA occurs, and
how the public reacts to major infrastructure investments whose costs they must eventually
bear. In the process, we clarify issues related to applying CBA in CCA- and DRR-related
investments. We undertake an in medias res social CBA on the amended Finnish Electricity
Market Act, passed in 2013 (588/2013). Among its other goals, the Act seeks to decrease the
susceptibility of the electricity network to extreme weather and to make distribution companies
adapt to changing weather patterns. This has required major investments in resilient electricity
distribution networks. The measures required by the Act sparked an intense public debate, as
they were followed by substantial increases in the distribution rates (in Finland, production and
distribution are separated), and raised the question of whether the policy was an overreaction
from an economic point of view. As a sizable investment in DRR and CCAwith quantifiable
benefits, costs and uncertainty, the project serves as a good case for using a CBA to evaluate
DRR and CCA measures from an economic perspective.
Based on the analysis in Shreve and Kelman (2014), a considerable majority of the cost-
benefit analyses in the literature have concluded that investing in DRR and CCA measures is
beneficial; that is, benefits exceed costs. However, this evidence alone does not warrant the
conclusion that DRR and CCA investments are economically efficient and advisable. Indeed, the
analysis in Shreve and Kelman (2014) indicates that ex-ante CBAs showing that benefits do not
exceed costs are not reported in the literature: no investment was made and no study published.
In other words, the CBAs reported suffer from publication bias in that only highly positive or
highly negative results have been published (on publication bias, see Easterbrook et al. 1991;
Møller and Jennions 2001; in the CBA literature, see Bell et al. 2006) and the hazards studied
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have been based on the ease of calculating the benefits (Shreve and Kelman 2014). The CCA
options reported have been almost exclusively favourable ones, although occasional reports of
maladaptation have appeared (Noble et al. 2014).
In section BBackground to the Case Study ,̂ we present the political background of the case
study. Second section goes on to provide an economic definition of the case where marginal
costs exceed marginal benefits and defines this as over-adaptation. In third section we discuss
cost-benefit analysis (CBA) as a method and the data for our case study. Fourth section
describes the results and gives a short account of the public reaction to the Act and the public
sector’s response to this. In fifth section, we consider the limitations of the analysis and
prospects for future research. Sixth section concludes with a discussion of the policy implica-
tions of the study.
Background to the Case Study
Finland is a highly developed northern European country where long-term policy and cultural
development have averted disasters triggered by natural hazards, (see e.g. Pilli-Sihvola et al.
2017). The Finnish approach to security could be said to exhibit highly risk-aversive prefer-
ences (Saastamoinen and Kuosmanen 2016); indeed, they approach lexicographic preferences,
with the security of the country and its citizens being the most preferred asset regardless of
economic considerations. The major risks are extra-tropical cyclones, winter storms and major
snow loads, which cause trees to fall on power lines, resulting in long blackouts. Accordingly,
one of the goals of the revised 2013 Electricity Market Act was to reduce the impacts of
extreme weather on Finnish electricity consumers with due consideration of the altered
weather patterns that climate change will bring. Long blackouts such as those experienced
in summer 2010 prompted a need to boost investments in the electricity distribution network,
and imposing strict requirements on the permissible duration of the blackouts was considered
an effective way to do so (Government Proposal HE 20/2013). The policy process to revise the
legislation started quite a bit earlier, in 2001.
The first analyses on the need to reform the legislation were undertaken in 2001. These
studies (see Appendix for the list of background studies done prior to the 2013 Act) concluded
that the law had to be updated to meet the changing environmental and societal conditions and
that it had to include measurable targets. As drafting began, various limits on the length of
power outages were assessed. The technology was outdated, and major investments were
needed to upgrade it to meet the standards for modern electricity and telecommunication
infrastructure and societal structures. Moreover, changes in forest management had increased
the exposure of the distribution network to storm and snow damage, and this vulnerability had
to be reduced. Two storms in 2001, major thunderstorms in 2010 and heavy snow loads in
2011 (see Fig. 4) highlighted the need to overhaul the distribution network.
The requirements of the 2013 Electricity Market Act are an example of a policy instrument
that could substantially reduce the impacts of weather extremes and climate change, for the
investments it necessitates would eliminate most of the threat of trees damaging power lines.
The Act imposes strict requirements on the duration of blackouts: in rural areas (excluding
premises without permanent residents) they should not last no longer than 36 h, and in urban
areas no longer than 6 h. The transition period for meeting the requirements extends until
2029, with mid-term goals to be reached by 2019 and 2023 (Electricity Market Act 2013). The
upshot of these requirements is that electricity distribution companies have to improve the
reliability of their networks, mainly by replacing traditional overhead lines with underground
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ones (Partanen et al. 2012; Saastamoinen and Kuosmanen 2016). The preliminary assessments
undertaken prior to the Act indicate that underground cabling is the only way to ensure
compliance with the requirements of the Act where the low- and medium-voltage networks
are concerned (Partanen et al. 2012). High-voltage power lines in Finland are already weather
resilient, as buffer zones are cleared around them.
The three main goals of the 2013 Act (588/2013) are reliability of electricity supply,
affordable rates and reasonable service principles (s. 1). The Act contains explicit references
to the capability required of the electricity transmission and distribution systems if they are to
withstand normal, expected Finnish climate conditions. In this respect, the Act has integrated
DRR and CCA needs quite well, and research findings (Gregow et al. 2011) on the changing
risk to forests due to climate change were used when the Act was being drafted. The Act (s. 24)
also states that transmission rates and conditions need to be equal and non-discriminatory for all
consumers. However, the goal of affordable rates for commercial and residential users, justified
in terms of strategic goals for economic and social development, partly conflicts with the aims
of reliability and reasonable service principles. Compliance with the 2013 Act has required
considerable investment on the part of the network companies. The sharp increase in the price of
electricity distribution for consumers that followed its enactment led to a major public debate.
This and ensuing parliamentary debates, in turn, resulted in the revision of the Act in 2017. The
revised Act states that, in principle, price rises should be moderate but that extraordinary costs
can justify stronger price increases. The permissible durations for blackouts were not altered.
Despite the revision of the Act on 2017, on 28May 2018, theMinistry of Economic Affairs and
Employment, which drafted the Act, ordered an investigation into the price rises and their
spatial distribution due to sharp price increases witnessed after the coming into force of the Act.
The ministry commissioned several assessments of the Act during the period 2001–2013.
Some of these included economic analyses; for example, Partanen et al. (2006) concluded that
a fully underground cable network would be economically feasible only if the avoided cost
were 2.5 times higher than the amount estimated at the time of the analysis for a 40-year
investment schedule. If the investment had to be made in a shorter time period (for example,
prior to 2030, the end of the transition period allowed by the Act), the avoided cost would have
to be 5.5 times higher than the estimates at the time. Later, Partanen et al. (2012) concluded
that a time limit of 24 h for blackouts in rural areas, the limit considered initially, would not be
economically efficient, and that a 36-h time limit would be preferable. However, the report
only compared these two options and their economic feasibility. The legislative proposal
(Government Proposal HE 20/2013) included an analysis of the avoided-cost based disutility
for the consumers, but did not reach the level of detail of a thorough CBA.
Economic Definition of over-Adaptation to Climate Change
Climate change adaptation is the process of adjustment to actual or expected climate and its
effects. The IPCC defines adaptation as follows: BIn human systems, adaptation seeks to
moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human
intervention may facilitate adjustment to expected climate and its effects^. (IPCC 2014). In
economic terms, adaptation seeks to reduce the costs related to climate change and, if possible,
to turn the negative impacts into positive ones (Tol 2005). CCA can take place at different
scales in economics: the economic agents are households, firms and the public sector. This
paper focuses on public CCA. Adaptation can also be further broken down into two types,
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anticipatory (planned) and reactive (IPCC 2012; Perrels et al. 2013). In the present case
adaptation is cast as anticipatory action resulting in protective investments. However, as
discussed in section 1.2, the 2013 Electricity Act (and its induced investments) and revision
in 2017 are steps in a learning process, one involving anticipation as well as reaction.
Investments and implementation of CCA measures can lead to three types of sub-optimal-
ity: 1) under-adaptation, which implies a lack of adequate CCA in the face of changing
climate (Hanemann 2000; Quentin Grafton 2010); 2) over-adaptation, which implies an over-
reaction to the problem (Hanemann 2000); and 3) maladaptation, which is any action that
increases vulnerability to climate change, increases the risk of negative outcomes or diminishes
welfare (Barnett and O’Neill 2010; IPCC 2014). Maladaptation has been widely discussed in
the literature, and some real-world examples have been presented (Noble et al. 2014). Under-
adaptation, or inadequate adaptation, has been identified as a potential threat: the actions taken
may not be enough to adapt (Quentin Grafton 2010) or, for instance, the private sector may not
have adequate incentives to implement CCA measures (Eisenack 2014). However, the litera-
ture on over-adaptation is virtually lacking: the only examples of over-adaptation that we were
able to find in the literature were the few in Shreve and Kelman (2014), where the benefit-cost
ratio of CCA investments was below 1. Despite the clear economic implications of over-
adaptation, no exact definition of it has been provided to date.
Many CCA decisions concern public policies, public goods or goods with characteristics of
such goods (non-rivalry and non-excludability); examples include early warning systems or
flood control systems. Optimal CCA for a public good, in terms of partial equilibrium, (e.g.
Mendelsohn 2012; OCED, 2018) is to maximise the social net benefits from the provision of
the (CCA) good:
max∑Bi Qð Þ−C Qð Þ; ð1Þ
where Bi is the net present value of the stream of expected value from the public CCA effort
such that Bi = ∫ EV(bi, t)e−rt, bi, t the benefit for individual i at time t, and Q the quantity of the
public good. By differentiating with respect to Q, we get the first order condition for the
optimal CCA decision, where M refers to marginal changes:
∑MBi Qð Þ ¼ MC Qð Þ ð2Þ
Thus, at the optimum, the aggregated marginal benefits should match the marginal cost of
provision of the public good. Several remarks are in order regarding the optimality conditions.
First, in theory, the differences in the social marginal utility of money should be accounted in
the aggregation process, a procedure known as distributional weighting. (e.g. Boadway 2006;
Johansson-Stenman 2005; Adler 2016; Nurmi and Ahtiainen 2018). Secondly, the quantity of
public CCA policy, or Q, is an abstract measure reflecting the scale of the proposed action. In
our case study, for example, the quantity of public policy refers to the extent to which the
electric grid needs to be renewed in response to the requirements of the Act. A less strict Act
would require a lower renewal rate, which could be interpreted as a lower quantity of CCA in
this example. In this sense, the quantity itself can be seen as a function of the requirements of
the regulation, such that Q =Q(L), in which the vector L represents different characteristics of
the regulation. In the present case, these characteristics refer to requirements stipulating the
allowable length of power outages in urban and rural areas, as well as to the required uptake
schedule. Each of these characteristics can be seen as one dimension of the vector L, which
determines the quantity of the public policy.
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The situation we have chosen to analyse is thus far from being a discrete-choice case, in
which the only decision would be whether to implement the Act or not. This is true of nearly
all public good decisions, such as deciding on the size of a dam (Hallegatte et al. 2012), the
scale of proposed green infrastructure to prevent urban storm-water issues (Nurmi et al. 2016;
Nordman et al. 2018) or the extent of early warning systems (Holland 2008).
We define over-adaptation as a situation in which a CCA policy instrument and its
implementation increase the resilience of individuals and society but lead to a level of
adaptation that is not economically efficient. This problem can be defined using a simple
formula. Assuming diminishing marginal utility of benefits such that an increase in the
quantity of the public good increases the benefits but at a diminishing rate, the formula can
be written as follows:
∑iMBi Q Lð Þð Þ < MC: ð3Þ
If the marginal costs exceed the marginal benefits at some point of provision, less of the public
good should be provided; that is, its quantity should be reduced to a level where the marginal
benefit equals the marginal costs. However, even at this level of provision, the total benefit of
the project can surpass the costs, resulting in a positive benefit-cost ratio or a positive net
present value (NPV). This happens if the marginal benefits at lower levels of provision are
high enough to compensate for the negative net benefits at higher levels. This situation is
depicted in Fig. 1. By contrast, under-adaptation refers to a situation in which the adaptation
policy or measure is implemented at a lower-than-optimal level. This is also depicted in Fig. 1.
Q1 : Max BCR Q1




  ¼ B1−C1 > 0;MB > MC→underadaptation ð4Þ
Q* : BCR Q*
  ¼ B
*
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> 0;Max NPV Q*
  ¼ B*−C* > 0;MB ¼ MC→optimal adaptation ð5Þ
Q2 : BCR Q2




  ¼ B2−C2 > 0;MB < MC→overadaptation ð6Þ
The optimal level of adaptation was derived from equation (2), which states that at the
optimum the expected net present value (NPV) is maximised when marginal benefits and
costs are at equal level, as in Figure 1 at level Q∗ and in equation (5).
Another commonly used indicator of the efficiency of a policy or measure is the benefit-
cost ratio (BCR). For example, Kelman and Shreve (2014) only report the BCRs of DRR and
CCA measures, omitting studies that do not report the value. The BCR is a ratio of the net
present value of benefits to costs, as shown in equations (4)–(6). As Figure 1 and equation (4)
indicate, the ratio is typically highest at a low level of provision (e.g. at Q <Q∗). A low level of
provision could correspond to the first systematic efforts to cope with climate change and to
elementary disaster risk reduction programmes in developing countries. In Shreve and Kelman
(2014), extremely high BCRs are reported for drought reduction measures in the Sudan and
flood protection measures in India and the Philippines. Similar results are presented in Onuma
et al. (2017a, 2017b), a study showing that experience of a disaster reduces the impact of future
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disasters more in in lower-income than in higher-income countries. However, the optimality of
an adaptation policy or measure cannot be evaluated based on the BCR: in Figure 1 the BCR is
maximised at Q1,which corresponds to underadaptation.
We claim that the lack of evidence of overadaptation in the literature is partly due to the
misuse of the BCR as a measure of the efficiency of adaptation instead of the NPV, a more
appropriate indicator. The latter should be used where a sufficient number of different
provision levels of Q are compared with each other.
CBA practitioners are well aware that NPV is the correct measure when ranking different
policy options (e.g. Schwab and Lusztig 1969; Boardman et al. 2006; OECD 2018). If all
different provision levels could be evaluated, the option with the highest NPV would represent
with the optimal level of provision. In Figure 1 this corresponds to Q∗. By contrast, the
highest BCR would be found at low provision levels and if used as a decision guideline would
result in underprovision of the public good. Some caution should also be exercised when
interpreting NPVs: if only one or several provision levels are evaluated, a positive NPV in
itself only indicates a scale at which total benefits exceed costs. This can occur at levels of the
public adaptation good, reflecting either underadaptation or overadaptation, as seen in Figure 1
and in equations (4)–(6). In such a, case, the interpretation of the NPV and BCR coincide, as
pointed out by Shreve and Kelman (2014). Sometimes, even in the economics literature, a
positive NPV is interpreted as indicating an efficient adaptation effort. (e.g. Mendelsohn 2012),
but as explained above, this is not entirely correct. A thorough analysis should include several
different provision levels, preferably spanning a wide range of provision. For example,
Hallegatte et al. (2012) include three different levels of flood protection in their analysis: i)
one medium-sized dam, ii) two smaller dams and iii) one small dam. Provided that the
uncertainty in the analysis can be quantified, the option with the highest NPV should be









Fig. 1 Optimal adaptation, underadaptation and overadaptation
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conducted at the recommended level of provision to determine whether the net benefits could
be further increased by either reducing or increasing the provision level of the focal CCA
policy or measure.
Finally, uncertainty is an inherent feature of CCA, so much so that the uncertainty related to
climate change adaptation decisions has been termed Bdeep uncertainty .̂ This can refer to any
of three factors: 1) no clear consensus on which models should be used to assess the future, 2)
an unknown probability distribution of key parameters and 3) an uncertain value of outcomes
(Hallegatte et al. 2012). In such cases, it has been suggested that instead of calculating the
expected NPV of investment decisions as a basis for decision-making, robust adaptation
strategies should be adopted (Dessai and Hulme 2007; Hallegatte 2009; Hallegatte et al.
2012). These include (Hallegatte 2009) no-regret measures, which create benefits even in
the absence of climate change; reversible measures, which are easily retrofitted if climate
projections prove incorrect; safety margin measures, which reduce the vulnerability of a
system at low or no cost; soft measures, which entail institutional or financial changes; reduced
time horizon measures, which involve reducing the lifetime of an investment; and strategies
that have synergies with mitigation. Based on the robust adaptation theory, a CBA analysing a
CCA policy or measure should include at least a qualitative discussion of the robustness of the
proposed actions.
Cost Benefit Analysis for the 2013 Electricity Market Act
Methodological Issues
We apply CBA to the reliability requirements of the 2013 Electricity Market Act. We assume
cost minimisation for the maximum allowable blackout calculated for a given number of
distribution companies in their market areas. As a cost, we include the infrastructure invest-
ment in underground cabling required to comply with the Act, calculated based on previous
assessments (most notably Partanen et al. 2012). As a benefit, we include the avoided costs of
blackouts estimated from blackout data and Willingness-to-Pay surveys and Value-of-Lost-
Load (VoLL) calculations for industrial users. The Finnish electricity network for low- and
medium-voltage lines has been divided into regional monopolies. This being the case, all the
costs will eventually be transferred to the customers as an increased rate for electricity
distribution, and they will receive the benefits of the Act. The Act will benefit electricity
market companies by decreasing their uncertainty relating to compensation costs from black-
outs, costs that in the worst case might amount to 30% of their turnover. (Partanen et al. 2012;
Saastamoinen and Kuosmanen 2016). To avoid double counting, we will not consider the
decrease in compensation costs as a benefit.
We compare two different levels of provision, urban and rural, as differentiated in the law,
and discuss the benefits and costs at the margin. Our results indicate that the Act results in a
non-optimal level of provision of public adaptation, a case as yet unreported in the literature.
Smith et al. (2017) point to various factors hindering the use of CBA in many DRR- and
CCA-related investments: imperfect valuation methods, sensitivity to assumptions regarding
intergenerational preferences (e.g. discount rate), tendency to favour monetised (often tangible
market) costs and benefits and inconsistent and often inadequate treatment of non-quantifiable
(often intangible non-market) costs and benefits (Atkinson et al. 2008; Boardman et al. 2006;
Bonzanigo and Kalra 2014; Florio 2014). In addition, CBA is distributionally insensitive
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(Adler 2013, in DRR CBA see Hallegatte et al. 2016) and often fails to analyse the
distortionary effects of raising public funds, reflected primarily as impacts on the labour
supply. (Boadway 2006; Bos et al. 2018).
Other methods, partly to overcome the obstacles related to the use of CBA, have been used
and developed for assessing optimal investment levels of DRR and CCA measures (Smith
et al. 2017; Watkiss et al. 2014). Real-option analysis is used in situations where it may be
beneficial to wait before the cost-efficient investments are made, one instance being if the
investment would benefit from more accurate information. Portfolio analysis is a tool to
determine the efficient frontier of investment options, a point where the NPVof the combina-
tion of different options cannot be increased without increasing uncertainty at the same time.
Portfolio analysis draws on modern portfolio theory, which is based on the idea of maximising
profit and hedging risk by spreading the investment optimally over various assets. Portfolio
theory can be used for CCA when a number of measures exist to reduce the risk of climate
change and there is uncertainty about the benefits of individual measures. Robust decision
making is a decision support method used under deep uncertainty, the purpose being to find
CCA measures which will function well under various future scenarios (Lempert and Groves
2010; Lempert et al. 2013; Lempert 2014; Watkiss et al. 2014).
In our case, the reported limitations of CBA are not a major concern. First, the investment
period of the infrastructure resulting from the renewed policy is estimated at between 50 and
70 years (Partanen 2015). This timeframe involves intergenerational issues over two or three
generations; however, the cost of the capital investment will be paid by the customers and,
contrary to what Weitzman (2001) suggests, time-declining interest rates should not be applied.
Secondly, our case does not involve any major intangible ecosystem or health costs or benefits,
but we have taken into account the value of bare forest land that is freed up as the electricity
grid is moved from forest to roadsides. All in all, costs and benefits are relatively easy to
estimate, as will be shown in the analysis in a later section.
Thirdly, distributional effects are taken into account in our CBA in two ways. In the first,
the average willingness to pay (WTP) is applied for all individuals in the affected population
rather than using a higher value for wealthier persons. This is the approach recommended by
the European Environmental Agency in health economic studies (EEA 2009) and its theoret-
ical aspects are discussed in Adler (2013). However, in our discussion, we take into account
what this implies for the results between different regions. In the second, the spatial distribu-
tion of benefits and costs has been taken into account in the policy implications, discussed in
section 5.
Fourthly, distortionary effects have been left out of the analysis, as there is no adequate
research regarding the labour supply effects of changing electricity prices. Most importantly,
no alternative methods to CBA, suggested in Watkiss et al. (2014) and Smith et al. (2017), are
needed in our analysis, as the Act is already in force and its implementation is under way.
There is no opportunity to wait (a requirement for real-option analysis) and no alternative CCA
measures can be used by the companies to meet the requirements of the Act (a requirement of
portfolio analysis).
Fifthly, uncertainty related to parameter values is quantifiable and the resulting distribution
of net benefits can be simulated with the Monte Carlo method. Monte Carlo simulation is a
widely used method for analysing the impacts of uncertainty in the parameter values on the
results of a CBA. If this uncertainty could be represented with contingent outcomes, one could
simply illustrate the results of CBA using different scenarios. However, in the present case we
have many uncertain parameter values, which precludes examining all the combinations of
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values. Our approach is to specify a distribution for each parameter value, take a set of random
draws from each distribution, and repeat the trial a number of times. We follow suggestions of
Boardman et al. (2006) when specifying the distributions. The resulting histogram can then be
used to arrive at statistics about the outcome, such as the expected values and range of NPV
and the significance of the results. (Boardman et al. 2006).
Finally, we should point out that our CBA considers implementation costs and directly
related avoided costs only. A structural and substantial improvement of the electricity distri-
bution network also has induced economic effects. For example, it may help to keep some
residents and economic activity in the service area. Furthermore, some of the avoided costs
represent actual expenditures rather than inconvenience costs, and these funds can be
reallocated for consumption, creating more welfare. Then again, if prices rise more than
consumers are willing to pay in a given area, this will create negative effects in the form of
reduced purchasing power and areas becoming less attractive places to live. We disregard these
spillover effects in the secondary markets in our CBA (Boardman et al. 2006) but discuss them
in section 5, as they may be relevant information for cross-cutting policy goals.
Analysis
Estimation of Benefits for Household Consumers
Various methods are used to monetise the increase in the utility from an improvement in the
quality or quantity of a good for individuals in society. Direct methods include contingent
valuation, indirect ones travel cost or hedonic pricing. The disutility of a blackout for consumers
is usually valuated using contingent valuation surveys, which elicit the willingness-to-pay
(WTP) to avoid a blackout or willingness-to-accept (WTA) compensation for one.
The most recent such survey in Finland was carried out in 2014 (Matschoss 2014). Rather
than the cost per unit of time, the survey asked respondents about their cost per value of lost
load (VoLL). In our view, lost load is a harder concept for household consumers to understand
than hours without electricity, but in the international literature VoLL is the standard method
for reporting the cost of blackouts. However, surveys designed around VoLL often use
questions related to inconvenience per time unit (London Economics 2013) and this can be
directly converted to cost per time unit. As the average consumer in Finland uses approxi-
mately one kilowatt hour of electricity per hour, the VoLL per kilowatt hour is essentially the
same as the cost of one hour without electricity.
Converted into hours of blackout, the average VoLL figures in Matschoss (2014) were
WTP 1.5€/h and WTA 15€/h. These were assumed to be linear over the duration of the
blackout. The high disparity between WTP and WTA suggests behavioural anomalies; the
income elasticity of WTP in the study was unrealistically high at 18. The tenfold differ-
ence between the WTP and WTA implies that a consumer would not accept 14 euros in
compensation for a one-hour blackout that he or she experienced, yet would not be willing
to pay two euros to avoid the same blackout. Given such behavioural anomalies (e.g.
Kahneman et al. 1991), these values are not directly applicable in a CBA. The responses to
the WTP surveys also suggest that consumers do not necessarily support the lexicographic
preferences adopted in national-level decision making (see section 4.4). Interestingly, the
high divergence between WTP and WTA in the surveys suggests that an ownership effect
obtains among consumers with regard to their right to undisrupted electricity consumption.
(London Economics 2013).
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London Economics (2013) gathered international estimates for the costs of blackouts to
households, and estimated VoLL figures in the UK. The range of WTP estimates in the literature
is very wide. The smallest WTP for a one-hour blackout was 0.4€/h (Carlsson and Martinsson
2008). Accent et al. (2008) obtained a value close to 30€/h. TheWTP values in London Economics
(2013), only about 1€/h. are significantly lower than those in Finland. The WTAvalues reported,
which ranged from 4 to 8€/h under different conditions, are closer to the Finnish estimates.
We apply two different methods to estimate the level of benefits that domestic consumers
and industry obtain from the Act. For domestic users, the benefits are evaluated based on the
duration of the avoided blackouts. The monetary benefits are estimated by combining the two
Finnish contingent valuation surveys (Silvast 2005; Matschoss 2014) and values reported in
the international literature (London Economics 2013). We drop the two lowest and two highest
outliers in determining the range of WTP values; this yields a lower bound of 1.5€/h
(Matschoss 2014) and an upper bound of 15€/h (Accent 2004), all converted into €2015.
The discrete time periods and amounts of lost energy consumption used in the literature
have been scaled into a continuous model using the results of Silvast et al. (2005), who drew
on a range of blackout durations to create a model very close to a continuous model. The study
also provides a detailed description of the Finnish context. According to Silvast et al. (2005),
the cost of the first second of a blackout for a household consumer is, on average, 1.7 euros in
winter and 1.8 in summer; for a 36-h blackout the values are 368.7 euros and 366.5 euros,
respectively. As the costs of blackouts between these two extremes were almost linearly
distributed, we fitted a simple linear model (Table 1):
Estimation of Benefits for Industrial Users
We estimate the benefits for industrial users using the production function approach. VoLL is
the appropriate measure as it allows scaling for the volume of production, reflecting the fact
that the cost of a blackout of a particular duration is not the same for industrial users of
different sizes. Table 2 below presents estimates of the loss of value-added production for
different industries based on national statistics and recently updated by the Finnish Energy
Authority (2015) using values reported in Mäkinen et al. (2009). In the table, VoLL €/kW is
the value of production lost due to a disruption (of any duration) in the supply of electricity and
€/kWh the value of production lost based on the entire duration of the blackout.
Statistics Finland (2014a) gathers statistics about the use of energy in different sectors.
Within the sectors, companies are classified based on their turnover. For example, in the
agricultural sector, 99% of the companies are small, having turnovers of less than €100,000.
The average energy consumption for such a company is 20,000 kWh per year, or 2.3kWh/h,
and the average power is 25 kW. The power and electricity use have also been calculated for
the chemical, paper, metal and mining sectors. Only companies with a turnover less than
€400,000 have been included in the above figures. Large facilities, whose turnover and
consumption are greater, obtain their electricity directly from the high-voltage grid, which is
a weather resilient.
Table 1 Output of the linear re-
gression model Estimate Std. Error t-value
Intercept 9.8702 5.3269 1.853
Length in hours 10.1395 0.3138 32.314
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Estimation of Benefits from Reclaiming Bare Forest Land
Underground cabling brings ecosystem benefits. For instance, one company in our data set
estimates that in 2016, 800 ha of what had been mainly forested land became made available
when overhead lines were removed, and estimates that in the future the figure will be 1000 ha
annually (Caruna 31.10.2017). This would correspond to approximately 2000 ha/year in our
study area. To quantify these benefits, we use the figures from Tahvonen et al. (2013), who
calculated the value of cleared forest land assuming optimal rotation periods. For an optimal
land type in the study area, the value at a discount rate of 3% corresponds to 447€ per hectare;
when the rate approaches 5%, the value per hectare approaches zero. For a less optimal land
type, the corresponding values are very low, 38€ and − 177€. We assume that in the case of
negative values, the land will not be used for forestry; a minimum value of 0 and a maximum
value of €447 per hectare is used in the Monte Carlo simulation. These values are already
discounted for future profits. The benefits will be realised during the renewal phase of the
network, a period spanning 15 years.
The length of power lines will increase due to their relocation from forest to roadsides. It
has been estimated that in rural areas the increase in length will be 1.1 times for the low-
voltage network and 1.2 times for the medium-voltage network. (personal communication,
Karvonen 2018). In the Monte-Carlo simulation, we specify a distribution with a range
between 1.0 and 1.2 for the low-voltage network and between 1.1 and 1.3 for the medium-
voltage network.
Estimation of Costs
As noted above, compliance with the requirements of the Act requires a high level of
investment in the case of both the low- and medium-voltage networks (Partanen et al.
2012). In particular, a significant proportion of the electricity network laid underground. To
quantify the costs, we need to know the i) current extent of underground cabling, ii) required
extent of underground cabling and iii) length of the network in rural and urban areas and iv)
costs of underground as opposed to overhead lines. Partanen et al. (2012) present estimates of
the required level of underground cabling in rural areas, where underground cabling of
medium- and low-voltage networks are partial substitutes for each other; that is, by increasing
the proportion of underground cabling in one network, the proportion can be decreased in the
other, but at a diminishing rate.
Figure 2 illustrates the requirements for underground cabling rates in rural areas for the
electricity distribution companies included in the analysis of Partanen et al. (2012). The set of
companies is not the same as that in our analysis, but the same cabling rates are assumed to
apply. Each coloured line represents the required rate for one company, and the dots describe
the current extent of underground cabling. For instance, if the cabling rate for the low-voltage
Table 2 VoLL for Finnish indus-
trial users (Energy Authority 2015)
and agriculture (Honkapuro 2006)
Sector VoLL €/kW VoLL €/kWh (€2015)
Mining 0.44 0.27
Paper and wood 2.60 0.23
Chemical industry 2.40 2.00
Metal industry 2.02 0.98
Agriculture 0.45 9.38
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network is 35–45%, the rate for the medium voltage network must extend to 50–80%; if the
cabling rate of the low-voltage network is 70–90%, the rate of the medium-voltage network
needs to be between 20 and 60%, depending on the company. These rates would make it
possible to meet the 36-h blackout limit. In urban areas, a 100% underground cabling rate is
required for both the low- and medium-voltage networks to ensure compliance with the 6-h
limit.
In our analysis, we assume that the companies choose the level of cabling that i) meets the
requirements and ii) is the cheapest to produce. In other words, they comply with the Act but in
a cost-efficient manner.
Data
To evaluate the increased reliability of the electricity grid, we need data on the current and
expected blackouts in the analysed region. In Finland, electricity distribution companies are
required to collect blackout statistics. The annual statistics are published by the Finnish
Energy, an umbrella organisation of the energy companies in Finland, but the data are available
only as an aggregate for all 80 companies operating in the country. To overcome this obstacle,
we purchased raw data for eight companies from a private consultancy firm that analyses data
for Finnish Energy (ENEASE 2016). This data set is also aggregated such that no individual
company can be identified. However, we know the companies in the set and are able to analyse
their network status. In addition to blackout data, we need the rate of underground cabling and
customer information, which are provided by the Energy Authority (2015). Significantly, the
operating areas of the companies form a single, representative region for which we can also
analyse the weather and climatic conditions now and in the future.
The region encompasses Pirkanmaa region in south-western Finland as well as surrounding
areas served by the electricity distribution companies operating in Pirkanmaa. The sample
covers over 30% of the consumers in Finland, has both rural and urban areas in approximately
the same proportion as the rest of Finland, and contains both large and small companies. Some
of the companies are very small and local. Table 3 shows the distribution of consumers
between different industries and household consumers among the eight companies.
For the costs, we need to know i) the present rate of underground cabling, ii) the length of
both the low- and medium-voltage networks for all the operators, divided between urban and























Fig. 2 Required level of underground cabling for seven electricity companies in rural areas (graph from Partanen
et al. 2012)
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The current level of cabling is public knowledge, provided in the annual reports of
electricity companies. (Energy Authority 2015). These are shown for the eight companies in
the area in Figure 3. The y-axis marks the current rate of medium-voltage underground
cabling, and the x-axis that of low-voltage underground cabling.
In the areas studied, the total length of the medium voltage network is 52,528 km, and of
the low-voltage network 99,708 km. (Energy Authority 2015).
Lastly, we need to know the average costs for both the low- and medium-voltage networks.
Partanen et al. (2012) estimate for the medium-voltage network that underground cabling is
two times more expensive than traditional overhead power lines, the costs being 61,700€/km
compared to 28,800–32,200€/km. Based on the data from the Energy Authority (2011, 2014,
2016), a substantial decrease in the costs has occurred only in the case of the heaviest cables;
the costs of other types and the average costs have remained almost constant. No substantial
learning effects and resulting decrease in costs are expected, as thousands of kilometres of
underground cables have already been installed.
For the low-voltage network, the difference in the costs between underground cabling and
overhead lines in rural areas is smaller, approximately 3000€/km, the figures being 21,000
€/km and 18,000 €/km respectively. Data collected from the electricity grid companies indicate
that in urban areas the costs are again nearly twice as high for underground cabling, or 34,000
€/km compared to 18,000€/km (Energy Authority 2016). The difference is explained by the
more expensive digging costs in urban areas.
Table 3 Users of the electricity grids in the study area
Division of different
user groups
Agriculture Industry Services and
construction
Households Total
Share % 0.6 0.6 0.6 98.2 100





































Current low-voltage underground cabling rates
Fig. 3 The current state of the electricity network (Data from Energy Authority 2015)
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The blackout data cover the 10-year period from 2005 to 2014, which includes the years
2011 and 2013 that saw storms causing long blackouts in the study area. The return period for
such storms cannot be estimated with current knowledge, as gust winds cause most of the
major damage to trees - and most blackouts – but the measurement period for such winds has
not been not long enough to produce return period estimates for a particular location.
Significantly, both the 2011 and 2013 storms occurred when the soil had yet to freeze.
When the depth of soil frost extends less than 20 cm, trees are not properly anchored to the
ground and are thus very susceptible to uprooting (Gregow et al. 2011). As we are interested in
the benefits of improving the reliability of the electricity grid in the future (time span 0–
60 years), we have to consider the effects of climate change on weather phenomena, soil
conditions and vulnerability of the sites affected.
First, we consider the current climatic conditions in the area of concern, that is, Pirkanmaa
and surrounding areas, meaning southern, southwestern and central Finland. The current
blackout risk can be calculated based on the 2005–2014 time series, which represents the
degree of variability in the Finnish climate and the distribution of blackouts between years well
(Figure 2). For the future climate, we first take a single-parameter approach. For extreme
winds, the model estimates from the EU FP7 project Rain (Groenemeijer et al. 2016) show that
extreme winds with an annual exceedance probability of 2% in 1971–2000 will have a
probability of 2.5% in 2021–2050 over southern and southwestern Finland. For 2021–2050,
there is not much difference between different climate scenarios. From 2071 onwards, climate
scenarios have a much greater impact on the annual high wind gust probabilities, but this falls
largely out of the scope of our time frame. Annual blizzard probability is decreasing in
southern Finland according to all climate scenarios. We can conclude that changes in gust
wind or blizzards will not in themselves increase the risk of blackouts. An additional risk to the
electricity grid to consider, however, is crown snow load, which is projected to increase in
major parts of the country under all climate scenarios and time periods. However, the model
results are not statistically significant at the 95% level except for the high-emission scenario
RCP8.5 in 2071–2100 in southern Finland, where the results indicate a decreasing risk.
(Groenemeijer et al. 2016).
Secondly, we assess the risk induced by climate change and its impact on soil frost (Gregow
et al. 2011). These results suggest an increase in the risk of trees being uprooted, even if
changes in the wind speeds do not occur. Gregow et al. (2011) indicates that the number of
days when tree anchorage is poor will increase will from around 95 (1971–2000) to 185 days
(2040–2065) in southern Finland; in other words, the risk of uprooting will nearly double. In
central Finland, the corresponding numbers range from 90 to 125 days, implying a 40%
increase in risk. However, we remain cautious in using these estimates, the increased risk has
already been, to some extent, realised in our data due to the major storms in autumn and winter
2011 and 2013, which occurred with little or no soil frost.
Thus, we combine the increasing soil frost risk with the concurrent occurrence of strong
winds and snow loads to describe the storm impact risk. As presented in Gregow et al.
(2011 pp.48, Table 6), the risk of uprooting in the spruce-dominated areas in southern Finland
will increase by 18% by 2046–2065 when using a SREX climate scenario A1B (Nakicenovic
et al. 2000). This corresponds to RCP6.5 or RCP8.5 (Rogelj et al. 2012), depending on the
period in question. In Jyväskylä, which reflects the conditions in central Finland, the projected
increase is 13%. While these estimates do not include changes in tree species or forest
management by 2050, they do give an indication of the economic risk lying ahead in the
spruce-dominated regions of southern and central Finland.
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In our analysis, we combine this information with the current risk of weather-induced
blackouts. The low-end estimate of the future blackout estimate is based on the low-emission
scenario, in which the conditions that led to blackouts in 2005–2014 do not change. In the
medium- to high-end estimate, we use the risk level indicated by the high-emission scenarios,
leading to a 13% to 18% increase in risk by2045. We assume a linear increase in the risk and
extrapolate the increase for the remaining period 2045–2075. This leads to an asymmetric
distribution for the annual increase in the risk ranging from 0 to 0.6%.
Results
In a cost-benefit analysis, the timing of both the benefits and costs needs to be analysed and
discounted to present value. This requires numerical parameter values, which we have
obtained from various sources to analyse the costs and benefits as well as the uncertainties,
in particular those affecting the benefits. Additional parameters affecting the uncertainty
regarding future benefits are the rates of urban and rural population growth. Most underground
cabling will be done in rural areas, but with Finland still undergoing rapid urbanisation this
might affect the future benefits of the investment.
Benefits
The average annual number of weather-related blackouts was 34,360 in the study area,
affecting on average 107 customers. As an aggregate, the consumers faced approximately
3,642,000 blackouts annually. The average length of a blackout was 3 h 20 min. Figure 4
shows the yearly number of blackouts.
We calculate the benefits by assuming that the requirements of the Act are achieved, thus
assuming that the electricity network is upgraded according to the requirements of the Act. We
divide the household users into urban and rural users (Statistics Finland 2016). In urban areas,
we assume that no weather-related blackouts will occur as the underground cabling rate will be
increased to 100%. This results in annual benefits of 4.7–49 million € (with mean 19.9 million
€). In rural areas, we assume that the blackout frequency will be halved (as about 50% more of
Fig. 4 Weather related blackouts in the study area in 2005–2014
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the network will be laid underground) and that no blackouts longer than 36 h will occur. This
results in annual benefits of 6.8–70.9 million €. The wide range in both cases is due to the high
disparity between the WTP figures reported in the literature. However, the triangular distribu-
tion fitted to the range of WTP figures has more probability mass for the values closer to the
mean. The benefits are reported in 2015 euros.
For commercial users, we use the VoLL values shown in Table 2. Complementing these, we
have collected data on a typical company in each sector and its power and annual electricity
use (Statistics Finland 2017). As there are no data on the exact proportions of urban and rural
industries, we use the more conservative assumption that the frequency of the blackouts will be
halved. The projected benefits for each sector are shown in Table 4. Each sector included
contains different subsectors, such as the food industry, wood industry and support services for
mining, but as yet there is no VoLL available for sub-sectors separately.
Based on our analysis, the commercial benefits account for some 5% of the total benefits. In
the international literature, the total damage costs to industry from blackouts is estimated at
around 10% (LaCommare and Joseph 2004). The difference stems from our case as we have
taken into account only the small and medium sized industries. In Finland, large companies
and industrial facilities are connected to the high voltage network and are outside the scope of
this analysis.
Costs
In urban areas, the rate of underground cabling for both the low- and medium- voltage
networks must be 100% to meet the requirements of the Act. The current rate for the low-
voltage network is around 70%, and for the medium-voltage network 50–60%. (Energy
Authority 2015; Finnish Energy 2014). The investment cost for the former is 190–218 million
€ and for the latter 160–182 million €. For both networks, we further assume that 50% would
have to be renewed in any case as part of scheduled maintenance, and 50% would have to be
laid underground prematurely. (Partanen et al. 2012).
The underground cabling rates for low- and medium-voltage power lines are partial
substitutes in rural areas: increasing the rate in one network could lead to a decrease in the
rate required in the other. Underground cabling of the low-voltage network is much cheaper,
whereby the most cost-efficient approach is to increase the proportion of underground cabling
until it no longer compensates the lower rate in the medium-voltage network. This rate
(Partanen et al. 2012; Figure 1) is around 80%. Thus, we assume that in rural areas the
underground cabling rate of the low-voltage network will be 80%. The required rate for the









Number of firms 600 300 1500 150 5450
Number of blackouts / year / firm 3.3 3.3 3.3 3.3 3.3
Length of blackouts / blackout (hours) 3.37 3.37 3.37 3.37 3.37
Annual damage / firm (2015€) 2090 1770 1560 350 110
Annual damage, sector (1000 2015€) 1260 530 2300 50 600
Annual benefit, sector (1000 2015€) 630 270 1150 25 300
Uncertainty range (1000 2015€) 410–840 180–360 770–1560 17–34 200–400
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medium-voltage network becomes 20–50% (Partanen et al. 2012; Figure 1), leaving a high
uncertainty range. An additional consideration is that the length of the electricity network is
assumed to increase, as noted earlier (personal communication, Karvonen 2018). Ultimately,
the total cost of meeting the requirements of the Act in rural areas will be 570–1460 million €.
The wide range is due to the uncertainty in the required underground cabling rate, which
depends on other measures to improve the network. A second source of uncertainty is the
increase in the length of the low-voltage and medium-voltage networks when cables are
removed from forested land and relocated to roadsides.
Parameter Values
Consumers of electricity obtain the benefits as soon as the investments have occurred and
receive the benefits as long as the underground cables are used. For the distribution companies
the investment costs are incurred immediately, but for consumers the cost is carried in keeping
with the write-off schedule (typically a 30-year straight line-depreciation) and the capital cost
of the investment. Consequently, the consumer benefits must exceed at least the weighted
average cost of capital (WACC). In 2014, the WACC for electricity networks was 3.2–4.5%.
(Äijälä et al. 2014; Ernst and Young 2014) but the cost of external financing has since
decreased by 0.5–1% (Bloomberg 2016). For the low end of the discount rate, we use 3%.
For the expected value, we use the average 12-month Euribor rate (since the euro area was
established and Finland joined it in 2002) plus the current rate; for the high end, we use the
highest Euribor rate plus the current cost of borrowed capital. It should be noted that
economists (Weitzman 2001) recommend using a time-declining discount rate; in the present
case, however, the benefits should be discounted by the cost of capital, as this will also be
borne directly by the consumers. In estimating rural and urban population trends, we use
projections calculated by the United Nations for Finland. WTP values were derived in section
3.2.1. The costs depend on the required underground cabling rates, as explained in section
3.2.3. Table 5 shows the ranges for the parameter values and their source.
Monte Carlo Analysis and Net Present Value
We ran a Monte-Carlo simulation with the above parameter values and distributions using the
Palisade @Risk for Risk Analysis (2018) add-in to Microsoft Excel statistical software. The
simulation was run 1,000,000 times. The NPV of the benefits was estimated separately for
improvements in the urban and rural networks. Figure 5 depicts the resulting distribution for
urban areas. NPV is positive at the 95% significance level. The mean of the NPV distribution
is 158 million euros. Of the variance in the NPV, the discount factor explains 86.1%; costs,
1%; WTP, 12.5%; and the urban growth rate, 0.4%.
Figure 6 shows the corresponding distribution for rural areas. The mean NPV is −374
million euros. There is a 96.2% probability that the NPV is negative in rural areas. In a
noteworthy difference compared to urban areas, in rural areas the uncertainty in the costs of
improving the network has a much larger effect on the variance of the NPV. This uncertainty
explains 73.8% of the variance, while the discount factor explains only 21.6%. Other factors
explaining the variance include the uncertainty in the true value of WTP (4.3%) and the
decrease in the rural population (0.3%).
To summarise, the expected NPV in urban areas is 158 million €, and in rural areas −374
million €. The expected benefits for industrial and agricultural users are 110 million €. To
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avoid double-counting, as the costs are already taken into account in the urban and rural
analysis, the 110 million euros are added to the aggregate NPV, resulting in total expected
NPVof −106 million euros.
The division of NPV between urban and rural areas only refers to the spatial component of
the benefits and costs, not to the relative proportion of the investment costs ultimately borne by
urban and rural consumers. In fact, if the electricity price increase is spatially uniform, urban
customers (85% of the population) will bear most of the total cost (85% assuming uniform
electricity use and prices), while the majority of the benefits will go to the rural areas
(expectation 40% vs. 60%). However, if an electricity company operates only in a rural area,
rural customers will pay all the costs, most likely resulting in greater rate increases than the
customers are willing to pay. Clearly, at the margin, in rural areas the costs are higher than the
benefits.
Fig. 6 The distribution of NPV for urban areas
Fig. 5 The distribution of NPV for the urban areas
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To further analyse the spatial distribution of the benefits and costs, we can divide electricity
grid companies into three different categories, examples of which exist can be found in our
data: 1) those operating only in rural areas, 2) those operating in both rural and urban areas and
3) those operating only in urban areas. The distribution of benefits and costs differs between
these types. All three company types can be found at national level: of the 80 electricity
distribution companies in Finland, the 15 largest supply electricity to 70% of the population.
Two of the three largest suppliers have rural as well as urban customers. There are also
companies that operate only at the scale of a rural municipality. (Finnish Energy 2017).
For companies in category 1, costs are expected to be higher than benefits for the
customers. In the case of those in category 2, customers in rural areas extract benefits from
the urban customers and may become beneficiaries depending on the distribution of rural and
urban customers. With companies in category 3, the NPV is positive at the 95% significance
level, and the customers benefit from the requirements of the Act.
In section 2, we introduced the concept of robust adaptation, described in terms of five
criteria (Hallegatte et al. 2009). Of these, the Act only fulfils the criterion of no-regret
measures, as it clearly creates benefits even in the absence of climate change. However, the
Act is not easily retro-fitted; it does not increase safety margins at a low cost; it cannot be
classified as a soft measure inasmuch as it results in major investment costs; and the time
horizon of the measure is long. Finally, synergies with climate change mitigation efforts are
unknown.
Public Reaction
The requirements in the 2013 Electricity Market Act led to major price increases in electricity
transmission and an ensuing public outcry over the situation. This following account of these
events is based on two sources: the official public releases of one of the distribution companies
most seriously affected by the public reaction, and the press releases of the office of the Finnish
Consumer Ombudsman. No media reports have been used. The situation can be understood
from the press release of 4 February 2016 by the company most heavily affected by the public
reaction: BCaruna regrets the distress caused to its customers after having to come to a solution
on price increases, due to the large-scale requirement for improvement. The company has
advised its customers regarding the network improvement measures required by the Electricity
Market Act (Electricity Market Act 588/2013), as well as the price increases connected with
them. The price increases have resulted in a large number of objections from citizens as well as
in considerable media attention^ (Caruna 4.2.2016). The situation began in early 2016, when
major price increases were announced by the company, the largest distribution company in
Finland. On 3 February 2016, the Consumer Ombudsman released a statement saying that it
considered the price hikes excessive from consumers’ point of view (KKV 3.2.2016). The
Ombudsman further stated that the price increases were unreasonable because electricity is
considered a necessity good, and with the company having a regional monopoly, consumers
cannot change their supplier. Negotiations with the company started. The outcome, reached
towards the end of 2016, is summed up in the following statement: BCaruna will reduce its
fixed basic prices for electricity transmission by 25 per cent for all customers and both of its
network companies for the next 12 months. This compensation will also balance the price
increase in 2017. Furthermore, Caruna has given a commitment that it will not implement new
price increases in 2017.^ The Competition and Consumer Authority even considered bringing
a class action suit against Caruna (KKV 18.2.2016). This procedure has never been used in
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Finland despite an Act providing for it being on the books since 2007 (Class Action Act
13.4.2007/444).
On 25 August 2017, the 2013 Electricity Market Act was amended to incorporate regula-
tion against price increases by transmission companies. In principle, a cap of 15% has been
imposed on increases in transmission and distribution prices over a one-year period.
(Amendment to the Elecricity Market Act 590/2017).
Notwithstanding, in 2018 Caruna and several other companies implemented another series
of price increases, prompting the government to initiate an official investigation into the
reasons for the price hikes (TEM 28.5.2018).
Discussion
The impacts of the 2013 Electricity Market Act were evaluated from many different angles
(Partanen et al. 2006; Partanen et al. 2012; Government Proposal HE 20/2013) before the Act
was passed and enacted, but no CBA such as that presented here was conducted. Before the
Act came into force, Partanen et al. (2006, 2012) pointed out that a previously suggested 24-h
limit for rural blackouts would be economically inefficient and a 36-h limit would be
economically more viable. Our analysis indicates that the 36-h limit for the rural network is
still too restrictive in some cases, as the benefits for the rural population are not high enough to
justify the costs brought by the increased price of electricity distribution. We must note,
however, that according to the ministry tasked with drafting the Act, the legislation had goals
apart from reducing the impacts of extreme weather. Principal among these were the need to
address the maintenance backlog and to ensure the security of supply throughout the country.
The suboptimality we have described here is to be understood in strictly economic terms.
Indeed, we acknowledge that a policy may be informed by other than economic objectives,
such as national security, as noted above.
In Europe, we have seen a significant increase in damages to forests that have partly been
caused by forest management practices that have favoured plantation of tree species (Norway
spruce) that are easily uprooted (Gregow et al. 2017). By better forest management practices,
the damages could have been less severe although not avoidable (Suvanto et al. 2016; Pukkala
et al. 2016), whereby compliance with the Act cannot be guaranteed by these measures alone.
However, the duration of blackouts in rural areas could be reduced with appropriate forest
management, and the costs of doing so would be substantially smaller than the costs of laying
underground cables. The economic efficiency of such measures – or less strict requirements for
rural areas - should have been compared to underground cabling. The present analysis has
evaluated only the 24- and the 36-h limits from an economic perspective. An additional
consideration is that if the renewal of the network had a less strict deadline, overhead power
lines could be used until the end of their technical lifecycle, and then be replaced by the
underground cables. This would substantially decrease the total costs resulting from the
requirements of the Act.
One limitation of our analysis is that the benefits may rise if WTP for avoiding of blackouts
increases in the future, for instance due to an increasing dependence of households on
electricity. Increasing income levels could also have an effect. In 2015, disposable income
had not increased in the past decade (Statistics Finland 2014b); however, since 2015 there has
been a slight increase in mean, but not median, disposable income. Moreover, as the income
elasticity of WTP is not reported in the original studies, scaling up the WTP figures would be
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questionable. In addition, many electronic appliances now come with a battery. As battery
technology improves, WTP values may well decrease. On balance, we feel that the current
WTP range is wide enough to cover the uncertainty in consumers’ WTP and thus have not
considered any increase or decrease in the WTP.
As mentioned in Section 3.1, CBA should account for distortionary effects, primarily those
related to labour supply resulting from changes in household preferences between labour and
leisure. A distortionary effect means that due to income taxation the labour supply is not at its
optimal level in the equilibrium (Johansson-Stenman 2005). If a proposed project increases the
labour supply, its distortionary effects are positive, and if it decreases the supply, the effects are
negative. There is little empirical evidence on the effect of changing energy prices on the
labour supply; only the effects of demand have been studied rigorously (e.g. Asafu-Adjaye
2000; Papapetrou 2001). In our analysis, potential labour supply effects are more important, as
the costs are mainly borne by household users; it is difficult to say anything certain about these
or even about the direction of a possible change.
Distributional effects can be studied by comparing the benefits received by different
income groups and assigning different social welfare weights to different groups, so that
lower income groups are assigned a higher weight (e.g. Adler 2013), or by reporting the
distributional issues qualitatively in the analysis (Nyborg 2014). In this analysis, it is
possible to divide the individuals into urban and rural populations, as the benefits are
distributed unevenly among the two groups. However, we cannot use individual benefit-
income pairs as a basis for calculating distributional weights, and thus only report
distributional effects qualitatively.
An analysis by the Bank of Finland (Mäki-Fränti 2016) has indicated that the income
differences between regions in Finland are small. The five least urbanised regions have an
average income 77% of those with the highest urbanisation rate (Mäki-Fränti 2016). In the
analysis, we have used average VoLL figures for households for all different regions. Averages
could be adjusted regionally to take into account the effect of income on VoLL. None of the
primary literature studies report the income elasticity of VoLL, but Carlsson et al. (2011) report
a positive income effect for the reported VoLL values. This would mean an even lower NPV
for the rural case, but an improved NPV for the urban case. The differences in the production
per capita in the rural and urban regions are much higher, but taxes and transfers decrease the
income gap between urban and rural population. However, if distributional concerns are taken
into account, both the benefits and the costs of the rural population should be assigned slightly
higher weights than those of the urban population, making the rural case more negative.
Of greatest concern are those rural areas that have their own distribution company. In such
cases, the rural population needs to pay a higher price for the increase in the electricity price as
compared to its WTP. Even if less urbanised regions are not that poor on average, the poorest
municipalities are located in the rural areas. Moreover, the share of low-income households is
much higher in rural areas than in urban areas, around 4% compared to around 2%. (Statistics
Finland 2018). Electricity companies operating solely in rural areas may find it difficult to fully
recoup their investment. They companies may consider not investing in underground cabling,
but rather in improving their forest management practices around power lines. However, there
is no guarantee that such measures will increase the reliability of the network to the standard
required by the Act. The independence of such companies may be jeopardised, possibly
resulting in mergers.
The literature (Onuma et al. 2016; Onuma et al. 2017a, 2017b) shows that CCA and DRR
are often dynamic processes, as both individuals and societies learn from past disasters and
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increase their preparedness. In our case, the high impact storms in 2006, 2010 and 2011 clearly
had an impact on public policy, and these experiences were part of the knowledge base
informing the regulation. Our analysis shows that this dynamic process can also lead to an
overreaction from the point of view of economic optimality.
Conclusions and Implications
Over-adaptation to the impacts of extreme weather and climate change has rarely been
discussed in the literature. The literature is rich in examples where CCA and DRR measures
are reported to be economically efficient, whereas counter-examples are few. We claim that
this is due partly to reporting practices, and partly to imprecise definitions of efficient
adaptation.
As a case study, we undertook a CBA of the 2013 Finnish Electricity Market Act,
which imposes strict requirements on electricity distribution companies to prevent black-
outs in their grid. Our results indicate that in urban areas the public policy and the
required investment are economically efficient. However, in rural areas, the costs of the
required investments exceed their economic benefits, indicating that the optimal require-
ments would have been somewhere between the old practices and the new. Depending on
the operating area of a given electricity distribution company, the present requirements
will result either in urban customers paying for the improved well-being of rural
customers or rural customers having to bear the high cost of improving network
reliability on their own. This cost is expected to be higher than the NPV for the
improvement. Our results indicate that the present policy may be an overreaction to an
existing problem: it seems that at some Bquantity^ (urban requirements), NPV is strictly
positive, whereas at another level of service provision (rural requirements), NPV is
negative.
Our case study indicates that over-adaptation is a relevant concept meriting consideration
the CCA and DRR literature. Our case also shows that when assessing the success of public
regulation and measures aiming at reducing the risk of extreme weather events and climate
change, public opinion and potential and perceived negative effects on the public should be
considered. The population affected by the impacts may not accept the implementation of
otherwise effective DRR and CCAmeasures. This applies particularly when there is a potential
mismatch between societal and individual preferences. Furthermore, the WTP of the people
affected should be carefully evaluated prior to any policy change, as the WTP obtained in
surveys may prove to be different from the WTP of the affected population. All in all, from the
point of view of good governance, the significance of identifying over-adaptation is that it adds
to our understanding of strong popular inclinations to avoid risks relating to the availability of
an essential good, such as energy. Popular concerns may affect decision-making such that the
resulting actions clash with the equally important objective of providing that good being at an
affordable price.
Reducing the impacts of extreme weather events and adapting to climate change are
challenging tasks given the many climatic, societal and political uncertainties. Despite these
uncertainties, designing and implementing policy instruments and concrete measures is highly
important due to the intensifying threat of climate change. Economic efficiency of the
envisaged measures is one key criterion to be used in designing the instruments; however,
the challenge for policy makers is to design instruments that are accepted by the public.
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System flexibility is essential in ensuring that the net benefits of a given project do not fall in
the range of over-adaptation. This study has shown that CBAs evaluating potential CCA and
DRR measures should better address suboptimalities.
Milestones and events Time and reference Notes
A government report by an investigator”
Improving the reliability of electricity
network”
2002 / KTM 18/2002 Early report including a discussion on
the urban requirement of a maximum
6-h blackout.
A government report” The compensation
costs for blackouts”
2002 / KTM 11/2002 Early report including discussion on the
compensation that customers are
entitled in case of blackouts.
A working group named ““Preventing
disruptions in the electricity network
and improvement of the operational
goals” report: “Improving the reliability
of the supply of electricity”
KTM 19.12.2006 The report included discussion on the
blackouts statistics; historical
development of blackouts; international
comparison; discussion on the
maximum allowed blackout periods;
discussion and very crude estimates
on the costs and benefits of increasing
the underground cabling rates of low-
and medium-voltage networks
A report by Technical University of
Lappeenranta “
Partanen et al. (2006) The report included a discussion as well
as calculations of the benefits and costs
of different maximum allowable
blackout durations (6-10 h total
blackout duration in one year under
normal conditions, 24-48 h during
major disturbances); It was concluded
that the maximum of 6–10 h cumulative
duration per customer is reasonable in
normal conditions, but setting a strict
time limit in case of major disturbances
– such as storms – cannot be justified
from an economic perspective; The
report also mentions that for some
(rural) electricity companies, there
could be less strict deadlines.
A legislative proposal by the Ministry
of Economic Affairs and Employment
of Finland (TEM) “Measures to
improve the reliability of electricity
supply and decrease the impacts of
blackouts”
TEM 16.3.2012 Included the final (acceptability)
requirements of at maximum 6-h
blackouts in urban areas, and either
a 24- or a 36-h maximum duration
in rural areas
An impact analysis report of the legislative
proposal of TEM, by Technical
University of Lappeenranta “An impact
analysis of the measures to improve
the reliability of electricity supply and
decrease the impacts of blackouts”
Partanen et al. (2012) In this report is was concluded that the
24-h deadline for the maximum
blackout periods in rural areas is too
strict, and the 36 h deadline is more
favourable from an economic point
of view. Longer maximum blackout
periods were not considered, as the
proposal did not include them.
Government proposal HE 20/2013 A proposal for the new Electricity
Market Act.
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